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INTRODUCTION. 



Classification. Electrical instruments used in 
the detection or measurement of electrical currents 
are divisible into two classes. 

The first class includes such as show the pres- 
ence of a current without directly indicating its 
value in units of measurement. 

To this class belong the various kinds of gal- 
vanometers. 

Instruments of the second class indicate by the 
movement of pointers over dials or some s: eh 
means the value of the electrical current passing. 

The dial under the pointer or index is graduated 
into divisions representing units of measurement. 
Examples of this class are the voltmeter, ammeter 
and wattmeter. 

Instruments which leave a record of the fluc- 
tuations or the current strength for a given period 
of time are Recording Voltmeters, Recording Watt- 
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XVI INTRODUCTION. 

meters, etc., according to the unit by which their 
records are read. 

As the underlying principles of instruments be- 
longing to the latter class are mostly to be found 
in those of the first class, the latter will be first 
considered. 



CHAPTER I. 

Galvanometers. 

The Simple Galvanometer. Perhaps the simplest 
form of galvanometer is shown in Fig. 1, and al- 
though home made, is capable of many uses. 
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Fig. 1. 

An ordinary mariner's compass has a few turns 
of fine instUated copper wire woimd around its 
case, a suitable gauge being No. 26 B. & S. or No. 
28 S.W,G. 

If current from a battery or other source be 
sent through the coil of wire, the magnetic needle 
will tend to ttim at an angle to the wire turns, 
providing the galvanometer has first been set so 
that both needle and wire turns are parallel, 

1 



2 ELECTRICAL INSTRUMENTS. 

The stronger the current through the coil, the 
farther the needle swings out from it. 

And reversing the connections will cause the 
needle to swing in a reversed direction as the cur- 
rent is reversed in its flow aroimd the coil. 

But it will be noticed that the amoimt of the 
needle swing is not in proportion to the streng'th 
of the current. 

Let the circle or card forming the bottom of 
the compass case be divided into 360 degrees 
having the zero where one end of the needle nor- 
mally rests. 

On connecting the coil ends to a dry cell suppose 
the needle swings out to 30 degrees. 

If a second cell is put in series with the first 
and the two cells connected to the coil as before 
the swing may now only be 35 degrees, a gain of 
but five degrees by doubling the current strength 
instead of a gain of 30 degrees. 

It is to be remarked before proceeding that 
these readings as they are termed are only for 
sake of example, not being necessarily exactly 
the number of degrees obtained in any experiment. 

If a galvanometer gives a large reading with one 
cell as compared with a reading taken under pre- 
cisely similar conditions on another galvanometer 
the one giving the largest reading will be said to 
have the greater sensibility. 

The movement of a galvanometer needle from 
one position to another is termed its deflection 
and is measured in degrees. 
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Now the primary laws of electricity teach that 
the current strength or rate of flow depend upon 
the electromotive force (e.m.f.) or voltage im- 
pelling that current and upon the resistance of 
the circuit through which it travels. 

Increasing the e.m.f. or decreasing the resist- 
ance increases the current flow, and vice versa, 
decreasing the e.m.f. or increasing the resistance 
decreases the current flow.* 

In order to decrease the deflection of the needle 
resistance must be added to the circuit, this may 
be done by means of a rheostat. 

One form of rheostat vvould consist of coils of 
wire so connected that one or any desired number 
of coils could be inserted in series with the gal- 
vanometer. The electrical energy expended in 
these coils being therefore not available in the 
galvanometer coils would have no effect upon its 
needle deflection which would be thereby reduced. 

The sensibility of this galvanometer will depend 
upon the ampere turns of its coil (neglecting fric- 
tion, etc.), and the coil winding should be suitable 
fof the current in the circuit in which it is used. 

If the galvanometer is to measure currents in 
a circuit of low resistance, its coil should be also 
of low resistance and vice versa. 

The meaning of ampere turns must be thor- 
oughly understood. It will suffice here to remark 
that one ampere traveling roimd the needle for 

♦See '* Electricity and Its Laws, for Beginners." for the 
elementary laws governing electric ctirrent. 
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one turn would equal one hundredth of an ampere 
for one hundred turns and the needle deflection 
would be the same in each case. 

In a circuit of low resistance, a large current 
would flow (presumably) and this current would 
not need to travel around the needle as many 
times as the lesser current in a circuit of higher 
resistance to produce the same deflection. In this 
case using a coil of many fine wire turns in the 
low resistance circuit would only reduce the cur- 
rent around the needle. And using a coil of large 
wire and few turns would not give ampere turns 
enough in a circuit of high resistance. 

An apparent contradiction may be met by the 
experimenter who in adding more turns of wire 
to a simple galvanometer gets a greater deflection 
of the needle. This, however, only shows that 
the ampere turns were not sufficient in the first 
case, and therefore the contradiction does not exist. 

To sum up, the reason for using a large number 
of fiiie wire turns as is done in some galvanometers 
is that the current strength is often so small as 
to require its circulation many times around the 
needle to produce the requisite ampere turns. 

It is very common practice to speak of a coil 
as being wound to a given resistanc3 when ampere 
turns are really desired. If resistance were the 
object, a resistance metal could be used to advan- 
tage. 

The relation of resistance and diameter of cop- 
per wire is given in Table I., from which may be 
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TABLE I. 

Table Showing Gauge Diameter, Area and Resist- 
ance OF Copper Wire. 





Brown and Sharpe 


Gauge. 


Standard Wire Gauge. 


Gauge 
No. 


Dia- 
meter 
inches. 


Circular 
Mils. 


Ohms per 
1000 ft. at 
15® Cent. 


Dia- 
meter 
inches. 


Circular 
Mils. 


Ohms per 
1000 ft. at 
15« Cent. 


0000 


.4600 


211600 


.048 


.400 


160000 


.063 


000 


.4096 


167810 


.060 


.372 


13^384 


.073 


00 


.3648 


133080 


.070 


.348 


121104 


.084 





.3249 


105590 


.096 


.324 


104976 


.096 


1 


.2893 


83694 


.121 


.300 


90000 


.113 


2 


.2576 


66373 


.153 


.276 


76176 


.133 


3 


.2294 


52633 


.193 


.252 


63504 


.160 


4 


.2043 


41743 


.243 


' .232 


53824 


.189 


5 


.1819 


33102 


.307 


.212 


44944 


.226 


6 


.1620 


26250 


.387 


.192 


36864 


.276 


7 


.1442 


20817 


.489 


.176 


30976 


.329 


8 


.1284 


16510 


.616 


.160 


25600 


.397 


9 


.1144 


13094 


.777 


.144 


20736 


.49Q 


10 


.1018 


10382 


.980 


.128 


16384 


.624 


11 


.0907 


8233.7 


1.236 


.116 


13456 


.758 


12 


.0808 


6530 . 3 


1.559 


.104 


10816 


.940 


13 


.0719 


5178.2 


1.966 


.092 


8464 


1.202 


14 


.0640 


4106.2 


2.479 


.080 


6400 


1.590 


15 


.0570 


3255.8 


3.127 


.072 


5184 


1.963 


16 


.0508 


2582 . 7 


3.942 


.064 


4096 


2.485 


17 


.0452 


2047 . 6 


4.972 


.056 


3136 


3.246 


18 


.0403 


1624.9 


6.269 


.048 


2304 


4.420 


20 


.0319 


1022 


10.140 


.036 


1296 


8.038 


22 


.0253 


642 


16.120 


.028 


784 


13.212 


24 


.0201 


404 


25.630 


.022 


484 


21.394 


26 


.0159 


251 


40 . 750 


.018 


324 


31.963 


28 


.0126 


160 


67 . 790 


.015 


219 


47.707 


30 


.0100 


100 


103.300 


.012 


154 


66 . 866 


32 


.0080 


63 


183. 


.011 


106 


103.410 


34 


.0063 


40 


291. 


.009 


84 


127.860 


36 


.0050 


25. 


462. 


.008 


57 


189.660 
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computed the size of wire to use for a galvanometer 
coil. 

Deflections not Uniform. The needle does not 
move twice as far for twice the current because 
as soon as it starts to move it commences to get 
out of the strongest influence of the coil, or out of 
the intense part of the field. 

If the coil is very large and the needle very 
small, then the latter can deflect more uniformly 
as the field is more uniform. 

Tangent Galvanometer. The tangent galvano- 
meter has a coil wound around a ring perhaps 
twelve inches in diameter, and the needle is a 
fraction of an inch in length. 

In this case the deflections of the needle are 
compared by referring to a table of tangents^ 
Table II. 

A tangent is a straight line perpendicular to the 
diameter of a circle, limited in length by the sides 
of the angle one of which is the diameter of the 
circle. 

In Fig. 2 the dotted line is the diameter of the 
circle and passes clear through the zero mark. 
N is Si straight line drawn through the centre of 
the pointer or needle, in other words shows the 
ntunber of degrees of deflection. The degrees be- 
tween this line and the zero will be the number 
of degrees forming the angle of deflection, angles 
being measured in degrees. If the pointer were at 
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45° the angle would be one of 45° or half a right 
angle (90°). 

T is a straight line perpendicular to the diame 
ter but cut by N. The portion between the diame 
ter line and where it is cut by N is the tangent. 
Fig. 2 represents an angle of about 15°, that is, the 
needle is deflected 15°. Fig. 3 shows the tangent 
of an angle of about 30°, Fig. 4 the tangent of 60° 
and Fig. 5 the tangent of about 75°. 

It will be seen that the tangent increases in 




Fig. 2. 



Fig. 3. 



Fig. 4. 



Fig. 5 



length very rapidly, far more so than the deflec- 
tion angle. 

To make a comparison, let the needle be de- 
flected 5°, its tangent will be .0875, double the 
deflection, the tangent of 10° is .1763, more than 
double the one of 5°. 

Deflect the needle to 30° or six times its first 
deflection and the tangent is .5774, about seven 
times. 

A still farther deflection to 60°, or twelve times 
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the first one, the tangent is now 1.7321, or about 
twenty times that of 5®. 

In a tangent galvanometer when it is desired 
to compare the strength of two currents, readings 



TABLE II. 
Natural Tan£:ents of Angle 



Angle 


Tangent 


Angle 


Tangent 


Angle 


Tangent 


Degrees 




Degrees 




Degriees 




1 


.0174 


31 


.6008 


61 


1.8040 


2 


.0349 


32 


.6248 


62 


1.8807 


3 


.0524 


33 


.6494 


63 


l.«626 


4 


.0699 


34 


.6745 


64 


2.0503 


5 


.0874 


35 


.7002 


65 


2.1445 


6 


.1051 


36 


.7265 


66 


2.2460 


7 


.1227 


37 


.7535 


67 


2.3559 


8 


.1405 


38 


.7812 


68 


2.4751 


9 


.1583 


39 


.8097 


69 


2.6051 


10 


.1768 


40 


.8391 _ 


70 


2.7475 


11 


.1943 


41 


.8692 


71 


2.9042 


12 


.2125 


42 


.9004 


72 


3.0777 


13 


.2308 


43 


.9325 


73 


3.2709 


14 


.2493 


44 


.9656 


74 


3.4879 


15 


.2679 


45 


1.0000 


75 


3.7321 


16 


.2867 


46 


1.0355 


76 


4.0108 


17 


.3057 


47 


1.0724 


77 


4.3315 


18 


.3249 


48 


1.1106 


78 


4 7046 


19 


3443 


49 


1 . 1504 


79 


5.1446 


20 


.3639 


50 


1.1918 


80 


5.6713 


21 


3838 


61 


. . 2349 


81 


6 3138 


22 


.4040 


52 


1 2799 


<>2 


7 1154 


23 


4244 


53 


I 3270 


83 


8.1443 


24 


4452 


54 


X.3764 


84 


9.5144 


25 


.4663 


55 


1.4281 


85 


11.4301 


26 


.4887 


56 


1 . 4826 


86 


14.3007 


27 


.5095 


57 


1.5399 


87 


19.0811 


28 


.5317 


58 


1.6003 


88 


28.6863 


29 


.5543 


59 


1.6643 


89 


57.2900 


30 


.5773 


60 


1.7321 


90 


infinite 



are made of the two deflections obtained. The 
tangents of these angles or deflections are then 
compared. 

If one deflection were 11® and the second one 



GALVANOMBTERS. 

63^, the second cxurent would be nearly ten times 
the greater, or as .1944 is to 1.9626. 

Influence of the Earth's Magnetic Field. It was 

necessary to move the galvanometer around so as 
to bring the needle point to zero. 

As the galvanometer was made out of a com- 
pass this was done because the needle tended to 
point to the magnetic N and 5 of the earth. 

In order to avoid having to turn the instrument 
about before using it, the influence of the earth's 






c 



-H- 

-K- 



FiG. 6. 



magnetic field is compensated for in the astatic 
galvanometer. 

The Astatic Galvanometer. In Fig. 6 two mag- 
netic needles are rigidly attached to a stem in 
such manner that the N pole of one is over the 5 
pole of the other. If both needles are equally 
strong, such a combination on being suspended 
by a fine thread T or balanced on a point, would 
stay in whatever direction it was placed. It 
would be entirely unaffected by the earth's mag- 
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netic field, one needle neutralizing the other. But 
this is not obtained in practice, the pair of needles 
take a set position in which, however, their move- 
ment is little restrained by the earth's magnetism. 
The coil is wound as shown in order that the 





Fig. 7. 

current may tend to turn each needle in the same 
direction. 

Compensating Magnet. A compensating magnet 
is used with certain forms of galvanometers to 
neutralize the effect of the earth's magnetism on 
the needle. 
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It is generally of a curved form as ia^Fig. 7 at 
M, being mounted on a rod upon whicli it can be 
slid up or down over the galvanometer G. It can 
also be rotated on its axis. 

An ordinary bar magnet is used for the same pur- 
pose by placing it in different positions with rela- 
tion to the galvanometer until the desired result 
is obtained. 

Where the latter method i% pursued it is a good 
plan to attach the magnet to a block of lead so 
that a slight jar will not displace it. 
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Galvanometers. 



In describing galvanometers, the terms constant, 
figure of merit and sensibility are used. 

A full description of these terms rightly belongs 
to the pages on practical testing. 

But it may be stated here, that these terms are 
those by which galvanometers are compared when 
considering their sensitiveness. 

The constant or sensibility is the number of 
ohms resistance through which an e.m.f. of one 
volt will cause the galvanometer to give a deflec- 
tion of one degree on a standard scale. 

A more complete explanation of the terms will 
be found in a later chapter. 

The Thompson Reflecting Galvanometer. In the 

Thompson teflecting galvanometer, a flat mirror of 
less than one-half inch in diameter has a number 
of fine steel magnets fastened on its back. This 
mirror-magnet combination is suspended by a 
fibre of cocoon silk inside a coil of many turns of 
fine insulated wire. 

12 
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When the magnets are deflected by current flow- 
ing in the coil, the mirror also turns, and a beam 
of light directed on it is reflected on a curved scale. 




This scale has the zero mark in the centre, readings 
bang thus possible in either direction. 
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A compensating magnet is attached on a rod 
fixed to the top of the case and leveling screws are 
provided to level the instrument. 

As the mirror is small and light it has little 
momentum, its moving in a small chamber gives 
it an air cushion, and it quickly comes to rest or 
is " dead beat.'* 

In Fig. 8 is the tripod form of Thompson re- 
flecting galvanometer. 

This instrument is made with interchangeable 
coils from 150 ohms to 5000 ohms in resistance. 
The sensibility for minute currents with the 5000 
ohm coil is very great. 

A four coil reflecting galvanometer of the Thomp- 
son pattern in Fig. 9 has a hinged door which 
opens, breaking the circuit through the coils. 

This gives easy access to the suspension system. 
Spring contacts C seen at tlie lower part of the 
base make connection at P when the door is shut. 

The magnetic system is suspended from a tube 
B equipped with an adjusting screw K. 

A compensating or control magnet M is fitted 
in a tube and adjusted by the milled head 5. 

Moving Coil Galvanometers. One of the greatest 
drawbacks to the use of galvanometers built on 
the Thompson pattern is their sensitiveness to 
external influences. In large cities where trolley 
cars and buildings of iron frame construction 
abound, this type of instrument needs constant 
adjustment. Allowances and checks have to 
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enter into tests made with them so largely as to 
almost prohibit their use. 

A class of galvanometers based upon the rota- 
tion of a coil carrying current in a magnetic field 




has been so perfected that thev are being 
universally adopted. 

The pioneer moving coil galvanometer i 
invented by D'Arsonval. 
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The D'Arsonval Galvanometer. In Fig. 10 H is 
a horseshoe shaped magnet or series of magnets 
bolted together and to the base B which is sup- 
plied with leveling screws LL. 

A core of soft iron I is held stationary, arotmd 




Fig. 10. 



which turns a coil of fine insulated wire C, This 
coil is suspended between adjustable screws SA 
by fine wires in such manner that current entering 
at the screw 5 passes through the coil and out at 
i4, or vice versa. 
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A tiny mirror M of circular form is also carried 
by the suspension wires and turns with the coil. 

When current is applied to S and A, the coil 
tends to turn in the magnetic field formed by the 
magnet poles and strengthened by the soft iron 
core /. 

The instrument is so constructed that the mag- 
netic field is as nearly uniform as possible, and 
the deflections of M are proportional to the current 
flowing through C. 

Horizontal Magnet. This type of D' Arson val 
galvanometer is shown in elevation in Fig. 11. 

In this galvanometer the coil and mirror are 
suspended in a tube by a phosphor bronze strip. 

This form of construction permits the mirror 
and coil to swing but to return to zero [without 
any distortion from twisting of the suspension or 
" set." 

Interchangeable tubes are furnished with coils 
of varying resistances and sensibilities. The 20 
ohm tube has a sensibility of 75 megohms (75 mil- 
lion ohms). The 4000 ohm tube has the extreme 
sensibility of 1750 megohms. 

The deflections in these instruments are propor- 
tional to the current. 

The moving system is either dead beat or bal- 
listic. 

The ballistic type is adapted for the measure- 
ment of currents of short duration. The current 
has ceased before the deflection is complete. But 
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the impetus received by the coil carries it to a dis- 
tance and gives the possibility of measuring the 
current, strength from the distance of swing. 

A form of D'Arsonval galvanometer, Fig. 12, is 
adapted for attachment to a wall. The galvano- 
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meter is entirely enclosed in a cylindrical case, the 
mirror deflections being observed through a win- 
dow in front. 

A removable bracket carries a reading telescope 
and scale so proportioned that it gives the same 
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[ effect as a standard millimeter scale at a distuncc 
I of one meter. 

Gimbal suspension of the galvanometop'ilself 
causes it to be setf-leveling. "^ 




The scale deflections are directly proportional 
Pto the ctirrent causing them. 

The sensibility is about 500 megohms per volt. 

:pf batter\- used, a sensibility sufficient for all or- 

^Hfy measurements. 
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In the Will young form of D' Arson val galvano- 
meter the suspension of the coil is shown in Fig. 13. 

5 is the coil; U and L the suspensions, the latter 
being in the form of a spiral spring. T is a torsion 
head for adjustment of the coil to zero reading. 



Fig. 13. 



To clamp the coil for purposes of traveling, the 
head C is turned, E then raises the coil taking its 
weight from u and clamps it against D. 

The upper spindle A admits of the adjustment 
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of new suspension wires. It is damped by a set 
screw at e. 

The upper suspension is groundeii on the tube 
case, the lower one L is connected to a platinum 
faced disc F. 

The electrical connections are therefore from 
one binding post through the case, down tt. coil /, 




and out through F to a spring connected to a 
binding post. 

A portable D'Arsonval galvanometer, Fig. 14, is 

constructed with a sensibility of upwards of one 

megohm. It is dead beat and has a scale divided 

from a central zero into 50 divisions right or left. 

As has been remarked before, instruments con- 

, structed on the D'Arsonval principle read in direct 

' proportion to the current passing. 
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And they are not affected by external magnetic 
fields. An instrument similar to the above with 
100 cells of battery would be capable of measuring 
insulations up to 100 megohms, and higher if frac- 
tions of a deflection be read. 




Pig. 1.5. 

Scale and Lamp. The oscillations of the gal- 
vanometer mirror are read in two ways. By 
watching a spot of light on a scale or observing 
the image of the scale reflected in the mirror by 
means of a telescope. 

The scale is made in various forms but in prin- 
ciple resembles that in Fig. 15 



CHAPTER III. 
Rheostats, Keys and Shunts. 

Rheostats. The resistances used in testing-rheo- 
stats are mostly mado of insulated wire having a 
high specific resistance, and but Httle Uable to 
change under varying temperature conditions. 

They are also wound non-inductively so that 
no currents due to inductance shall affect the gal- 
vanometer. This end is obtained by winding the 
wire so that the current sliall flow half around the 
spool in one direction and half around it in the 
reverse direction. 

The piece of wire may be either doubled upon 
itself and then wound on, or may be wound on in 
two equal lengths, the inside ends being soldered 
together. The outside ends are for attachment to 
the circuit. 

It is always desirable that the binding posts or 
terminals of a resistance coil be made large enough 
that they do not offer any perceptible resistance 
to the circuit. 

In the practical construction of rheostats for 
^sting, they are adjustable in several ways. The 

2.3 



24 



ELECTRICAL INSTRUMENTS. 



cutting in or out of coils is effected by plugs or 
sliding switches. 

In the plug form of switch, Fig. 16, a brass taper 
plug P is inserted in a hole between brass strips 
JS, connecting these strips together. 

The resistance coils R are connected as shown. 
If one plug be now removed from the hole, a coil 
becomes part of the circuit between AB, A sec- 
ond plug cuts in another coil and so on. Each coil 
thus cut in adds its resistance to the circuit. 






^' 



B 



Fig. 16. 

The chief disadvantages of this system are that 
it requires a plug for each coil, and that if a plug 
be not tight a coil is not entirely cut out. 

Plug switches are also arranged to connect in 
coils when inserted in holes. 

Modem rheostats are being constructed, how- 
ever, with sliding switches which cannot get lost 
and which make good firm contact. 



Resistance Wires. The choice of a metal for 
resistances to be used for testing purposes must be 



RHEOSTATS, KEYS AND SHUNTS. 2.') 

deterpiined by several points. The metal must 
change in resistance as little as possible under vary- 
ing temperatures. 

It is also desirable that the metal used shall have 
a high specific resistance, that is, its resistance per 
imit of length shall be as great as possible in com- 
parison with other metals. This is in order to 
keep the coil as small as possible, resistance coils 
with figures as high as 100,000 ohms being in com- 
mon use. 

German silver, although formerly much used, 
has been replace J by several compound metals. 

The composition of some commonly used resist- 
ance wires is as follows: German silver, copper 60 
parts, zinc 26 parts, nickel 14 parts. This alloy 
is also made with 30 per cent, nickel. 

Platinum silver contains platinum 67 parts, 'sil- 
ver 33 parts. 

Platinoid is German silver 98 parts, tungsten 2 
parts. 

Manganin contains copper 84 parts, manganese 
4 parts, nickel 12 parts. 

The relative resistances of the above are in com- 
parison with copper as 1, as follows: German silver 
12, platinum silver 15, platinoid 20 and man- 
ganin 30. 

As the proportions of these alloys is varied 
by different manufacturers, the figures given 
are but approximate. For example, if the plati- 
num silver alloy were platinum 50 and silver 
50 parts, its relative resistance would be about 20 
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as compared with copper, or more nearly that of 
platinoid. 

Of the above alloys, manganin seems to be the 
most favored by manufacturers of high-class in- 
struments, although platinoid is preferred by some. 

Glass Slab Resistances. It often becomes neces- 
sary to use a high resistance for testing purposes 
when none is at hand. A ground glass slab cov- 
ered with lead pencil lines will serve for temporary 
work. 

To make one proceed as follows: 

Take a slab of ground glass about 1 inch by 4 
inches and drill a hole at each end large enough to 
receive the machine screw; at the bases of two 
binding posts. 

Rub a soft lead pencil over the slab around these 
holes covering the area of a circle of one inch or 
thereabouts. Blow off the dust and lay a few strips 
of tin-foil over the holes nearly covering the lead 
pencil c rcles. Slip a washer over one machine 
screw and also a few wa hers of tin-foil and insert 
the screw in the hole from the plain side of the 
glass. The screws should penetrate the tin-foil 
on top of the glass also. Then screw down the 
binding post. 

The tin-foil below the slab acts as a cushion be- 
tween the washer and the glass. That on top of 
the slab also acts as a cushion, but it ensures a bet- 
ter contact between the binding post and pencil 
circle. 
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A similar binding post is to be fitted at each end 
of the slab. 

Now draw a few lines joining the pencil circles. 
Measure the resistance of this penciled path. To 
lower its resistance rub on more pencil lead be- 
tween the circles. To raise its resistance, rub out 
some of the lead. Of course all dust should be 
blown off. 

The object of the circles was to give a point of 
junction between the lines and binding posts. 

Resistance slabs as above mav be varnished or 
covered with insulating compound if desired. But 
pencil lead or plumbago being carbon is extremely 
erratic m the matter of maintaining a given re- 
sistance. 

Galvanometer Shunts. As in most cases it is not 
desirable to permit the entire current used in a 
test to flow through the galvanometer, part of it 
is shunted or caused to pass around the latter. 

A shunt bears a definite ratio to the resistance 
of the galvanometer, being generally adjustable to 

or ,—77., of its resistance so that 



9 99' 999' 10' 100' 

or ^ part of the current only passes into the 

galvanometer. 

Fig. 17 shows the connections of the shunts 5 
and galvanometer G. 

The degree in which the shunt increase , the 
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range of deflection of a galvanometer is termed 
its multiplying power. 

If one-tenth of the current flowing went through 
the galvanometer and nine-tenths through the 
shunt, the current in the circuit would be actually 
ten times that through the galvanometer. 

The current therefore in the galvanometer must 
be multiplied by the multiplying power of the 
shunt to show its true value in the circuit. 
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Fio. 17. 

In order to find the resistance necessary in a 
shunt to be used with a certain galvanometer, the 
resistance of the latter is to be divided by the 
multiplying power desired less one. 

As an example, let a shunt be needed for a gal- 
vanometer of 2000 ohms resistance where only one- 
fifth the total current is to pass through the gal- 
vanometer. This would equal a multiplying 

OQOO 

power of 5; then "^ ^ = 500 ohms. 

o- 1 
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Formula. Let G be resistance of galvanometer, 
n be multiplying power of shunt; 5 resistance of 

shunt : then 5 = — 7- 

n-1. 

To find the multiplying power of a shunt of 
given resistance add its resistance to that of the 
galvanometer and divide the answer by the re- 
sistance of the shunt. 

For example, galvanometer is 10,000 ohms, 
shunt 1000 ohms, 10,0004-1000 = 11,000, divided 
by 1000 =11, the multiplying power of the shunt. 

Formula. Let resistance of galvanometer be G 

G-^S 
and shimt 5; then — ^^^ — ■ = multiplymg power. 

Shunts should be connected to the galvanometer 
by wires of ample size, no undue resistance should 
be introduced by the connecting wires. 

It is a good plan always to use the shunt of 
greatest multiplying power at first and reduce as 
occasion requires. Otherwise a heavy current m 
the galvanometer might injure suspension. 

Condensers. The modem condenser is but a 
handy form of the Ley den jar; it consists of leaves 
of tin-foil alternating with insulated paper, mica, 
glass, etc., insulation between the tin-foil layers 
being of prime importance. 

The layers are bmlt up as follows, Fig. 18: First 
a sheet of insulation A (or dielectric) , then a sheet 
of tin-foil B projecting at one end; another sheet 
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of insulation C and the next sheet of tin-foil D 
projecting at the other end. 

Sheet after sheet is built up, Fig. 19, until the 
desired number is obtained, the whole mass then 
being subjected to immersion in paraffin or other 
insulator and kept under heavy pressure until set. 

The portions of tin-foil projecting from one end 
being pressed together form one connection, the 
ends at the other being the second connection. 

This results in every other sheet of tin-foil being 
connected, in fact the condenser can be considered 






Fig. is. Fig. 19. 

as being made up of two large sheets of tin-foil 
highly insulated from each other. 

Condensers are made up with many different 
dielectrics, mica being one of the best for testing 
purposes. Tin-foil is most always used for the 
metal plates. 

Adjustable condensers permit of their capacities 
being varied by means of plugs which cut in or 
out of multiple, portions of the foil sheets. In 
Fig. 20 is the diagram of an adjustable condenser. 

C C are the tin-foil sheets, B B brass strips 
which carry the terminals or binding posts. 
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Fig. 20. 
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The tin-foil sheets are connected to brass blocks 
G G in such proportion of the total number in the 
condenser as desired. 

By inserting tap>er brass plugs in holes between 
the brass strips and blocks as at P various com- 
binations may be made. , 

A standard adjustable condenser is arranged so 
that the pairs of foil sheets may be connected in 
multiple as above, or in series. 

Keys. In electrical testing various kinds of 
switches or keys are used; for opening or closing a 
circuit, for short circuitmg, for ground connection 
and for reversing the direction of current flow. 

The insulated parts are made of hard rubber, 
contacts being equipped with platinum. 

In order to ensure the greatest possible insula- 
tion, the hard rubber pillars are often encircled 
by grooves. 

This decreases the leakage from dampness a^ it 
increases the distance between the conductor sup- 
ported and the table, measuring up the surface of 
the pillar. 

Reversing Key. A reversing key, Fig. 21, is 
used to reverse the direction of current flowing 
into the galvanometer. Two spring brass levers 
A B provided with hard rubber knobs are con- 
nected by means of binding posts to the galvano- 
meter G. A brass strip O carrying platinum con- 
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ticts bridges the levers and a similar brass strip 
U passes under them. 

The battery is connected as shown, one ter- 
minal to the lower strip and the other terminal 
to the upper strip. 

When both A B are up they make contact with 
O, and form a short circuit to the galvanometer 
G. and likewise when both levers are held down 
on strip U. 




But if one lever A , for example, be pressed down 
the negative terminal of the battery is connected 
to A and the positive terminal to B and thence 
to the galvanometer. 

On the other hand, if B only is pressed dc ./n 
the current to G is reversed because B is now 
connected to the negative terminal of the battery 
and A to the positive. 

This key should not be so connected that the 
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platinum contacts form part of a circuit, the re- 
sistance of which is being measured. The contact 
resistance will vary as it is not possible to hold a 
spring key down with an unvaning pr 

It will be seen that imder no circumstances 
should the battery be connected to the terminals 
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The contacts on winch these levers work iire 
Jso faced with platinum. 
A rubbing contact of this nature ensures but a 
Nominal resistance. In fact, it can be neglected 
1 ordinary operations. 
Keys of this style of construction are always 
preferable to those with striking contacts. 




Commutator. A form of reversing switch or 

f commutator is shown in Fig. 23. By changing 

the plugs into different holes, circuits connected to 

the commutator may be reversed, put to earth, or 

short circuited. 
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The brass pieces are mounted on hard rubber 
pillars to increase the insulating distance from each 
other and from the base. 

Discharge Key. A discharge key of the Kempe 
pattern, Fig. '24, has two triggers controlled by 
buttons. One button is marked " insulate," the 
other "discharge." 




Fig. 2j. 

There are three binding posts, one connected to 
a movable lever operated by a button, one to a 
contact underneath this lever, and one to a contact 
over this lever. 

When the lever is up, it presses against the upper 
contact completing a circuit connected to the 
level binding post and top contact binding post. 

When the lever is down, it presses against the 
lower contact; the circuit is now through the 
lever and lower contacts and their respective bind- 
ing posts. 
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But in certain tests it becomes necessan' to 
leave open the circuit connected to the lever. 

The key provides for this in its second operation 
ari follows: 

Depress lever all the way down and it locks 
under a trigger controlled by the *' insulate ** but- 
ton. Lower contact and lever are together. Press 
" insulate " button and lever flies up. But not all 
the way, it is caught and held in mid-air by the 
trigger attached to the " discharge " button. The 
circuit attached to the lever is thus broken. 

Third, press ** discharge *' button and lever 
being released rises and rests against toj) contact. 

The Standard Cell. A standard cell is a batters- 
cell used in testing which maintains a steady e.m.f. 
of known value. It is used principally for com- 
parison of other cells and to check voltmeters. 

A standard cell is not required to give a large 
current, in actual work the current flow is kept 
as low as possible. 

A standard cell has a thermometer included in 
the case as a small correction must be made for 
changes of temperature. 

For tests not requiring extreme accuracy, the 
Daniel or copper sulphate cell may be used. Its 
e.m.f. is so near one volt as to be usable as such. 
A number of Daniel cells carefully set up and con- 
nected in series may be measured as to e.m.f. and 
the reading used for tests. 

But for accurate work the Clark or the Weston 
cell is necessary. 
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The Clark cell lias a ],osit.ive element of r 
anil a negative element of zinc sulphate and mer- 
ctirouB sulphate. Platinum electrodes form the 
connections in these elements. The e.m.f. at 15° 
C. is 1.4:!4 volts. 
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The Weston cell, Fig. llo, has a positive element 
of mercury also, hut the negative element is cad- 
mium amalgam in a saturated solution of cadmium 
sulphate. Its e.m.f. is 1.019 volts. 

The actual construction of standard cells may 
be found in any of the large works on testing. 



CHAPTER IV. 

Voltmeters and Ammeters. 

The Voltmeter. A voltmeter is merely a gal- 
vanometer of high resistance connected across two 
conductors of opposite polarity. 

The resistance of the voltmeter is extremely 
high in comparison wHh that of the conductors, 
and but a minute current flows through it. 

As this resistance is fixed the only way to vary 
the amount of current flow^ is to varv the e.m.f. 

An increased e.m.f. will increase the current flow 
and likewise a decrease of one will produce a de- 
crease of the other. 

And these current variations producing corre- 
sponding deflections of the needle, the deflections 
show actually the changes of e.m.f. 

The scale divisions are calibrated or given a 
value in volts either by using e.m.fs. of known 
value, or bv means of a standard voltmeter. 

Voltmeters are connected across the circuit as 
in Fig. 26. 

The Series Ammeter. There are two classes of 
ammeters, the series and the shunt. ,,,. . , 

39 
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In the former the entire curient to be measured 
passes through the coils of the instrument, Fig. 27, 
and its changes of value directly affect the needle 
as in the simple galvanometer. Changes of e.m.f. 
will therefore not affect the ammeter directly but 
only in that they var^^ the current flowing in the 
circuit in which the ammeter is connected. 

Series ammeters are unwieldy for large currents 
as will readily be seen, for the coils must be large 
enough to carry all the current of the circuit. 
They are therefore almost entirely displaced by 
the shunt ammeters. 



m 
-t^ 



Fig. 20. 



The Shunt Ammeter. The shunt ammeter is 
really a voltmeter calibrated to read in amperes 
and dependent upon the changes of e.m.f. in a 
portion of the circuit. 

The current in a circuit of given resistance is 

controlled by the e.m.f. at its terminals. 

Ohms law teaches that the current or / equals 
the e.m.f. or E divided by the resistance or R, as 

a formula / = •^. 
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If ;then there is an increased current flow in a 
prcuit it must be due to an increased e.m.f. unless 
the resistance is changed. 

By taking a portion of the circuit and connecting 
a voltmeter across it, the variations of e.m.f. caus- 
ing the current flow will be indicated. 

In the shunt ammeter, Fig. 28, a German silver 
shunt S or one made of a special alloy is connected 
in series with the main circuit A B. 

A low reading voltmeter A is connected to the 
opposite ends of the shunt. 




Fig. 27 




.J 



Fig. 28. 



Variations of e.m.f. across the terminals of 5 
will affect A, which is calibrated in amperes by 
comparison with a standard or by calculation. 



The Weston Voltmeter. The principle of the 
Weston voltmeter or ammeter for direct current 
is that of the D'Arsonval galvanometer. The mov- 
ing coil is mounted on pivots between jeweled cen- 
tres instead of being suspended from wires or 
threads. This mounting permits of portability 
a^nd- .compactness. 
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The construction of the moving system and 
magnet pole pieces is shown in Fig. 29. 

The portable type of Weston voltmeter and 
ammeter is shown in Fig. 30. 





In the portable instruments the data of resist- 
ance, etc., will be found printed on the inside of 
the lid. Care should be taken not to interchange 



the case lids, each instrument bears a serial num- 
ber. 

The laboratory type, Fig. 31, has a very lai^e 
scale of peculiar design, Fig. 32, which pdmits of 
readings being made to a fraction of one degree of 
deflection. 

Types of Weston switchboard instruments are 
shown in Figs. 33 and 34, the latter being made 
to fit flush with the face of a switchboard. 





Fig. 30. 



H^ Figs. 3-') antl 36 show fornix which have trans- 
parent dials illuminated from behind. 

Instruments of this pattern are often mounted 
on a swinging arm that they may be read from 

tarious parts of the room. 
A black disc controlled by a button in the middle 
E the rase front, is set to a determined point. 
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The pointer is then more readily located as to its 
■oximitv to this disc when viewed from a distance. 



Sensibility. In the Weston direct current in- 
struments of the portable or the Type B form, a 
resistance of about 100 ohms per volt is added. 
In the other typies of switchboard voltmeters 
le resistance is usually about Co ohms per volt. 




In case the exact resistance is not marked, it 
can be obtained from the makers by quoting the 
serial number of "the particular voltmeter. 

As the figures are needed in testing work, they 
should always be recorded. 

The sensibility of a Weston instrument type B or 
of the portable form is about 10,000 ohms. One 
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scale division of deflection represents one volt 
through 10,000 ohms if 100 divisions equal one 
volt through 100 ohms. 

The current used will equal the voltage indi- 
cated divided by the resistance of the instrument. 
For example, in a 150 volt voltmeter of 15,000 

r^ ampere for full scale deflec- 




FiG. .■!4. 
tion. One scale division here representing one 
volt would equal y ^ of an ampere. 

Switchboard Type. The energy necessary to 
operate the Weston switchboard type does not 
exceed ,05 of one per cent, of the total energy being 
measured. 
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As an fxample of flose reading, a change of 1 
ampere may be detected on an instrument reading 
to 1200 amperes at any point in the scale. 

Most switchboard instruments are calibrated for 
a temperature of 90° F., the error amounts to one 
per cent, for a change of 10° F. above or below 90°. 

The resistance of the coils will be increased by a 




rise and decreased by a fall of temperature. The 
instrument therefore reads lower for an increase 
of temperature than the actual e.m.f. and vice versa. 



Duplex Instruments. Most of these instruments, 
Fig, 37, consist of a voltmeter and an ammeter 
combined in one case. 



VOLTMETERS AND AMMETERS. 49 

But if desired two voltmeters or two ammeters 
may be so combined. 

They are most suitable for automobile and motor 
switchboard work, being constructed to stand a 
maximum of vibration. 

In connecting up automobile instruments where 
the wires run under the mat, some precaution 
must be taken against injury to the wire. The 
customary slipshod manner of pulling a flexible 
wire beneath the mat where it is forever being 
abraded, is to be condemned. 

No instrument will indicate correctly with poor 
connections and this is particularly true of shunt 
ammeters. 

Any change in resistance of the wires between 
shunt and instrument will affect the readings. 

Potential Indicators. These instruments are so 
constructed as to give large indications for slight 
changes of curretit or e.m.f. 

In order to keep the scale within limits, the poin- 
ter does not move until the e.m.f. (for example) is 
near the average. In Fig. 38 is an illustrative scale 
for an e.m.f. of 500 volts. 

The index or pointer commences to move as 
soon as the e.m.f. increases above 400, reading 
e.m.f. on lower scale. 

The upper scale with central zero shows the num- 
ber of volts above or below 500 as it will be seen 
that adding the upper left scale reading and that 
on the lower left scale directly underneath it, the 
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total will be 500. And subtracting the upper read- 
ing from the lower reading on the right scale also 
gives 500. 

Differential Voltmeters. Differential voltmeters 
have a central zero and are used in connection 
with two independent sources of e.m.f. 

In the case of two generators which are to be 
run in parallel, the generators are adjusted until 
the needle stands at zero, when the e.m.f s. of both 




Fig. 38. 

are equal. The needle points towards the side of 
higher e.m.f. 

When the two generators are being operated, the 
readings on either side must not be taken to rep- 
resent the e.m.f. of that particular generator. 
The readings indicate the difference between the 
generators. 



Double Scale Instnmients. Indicating instru- 
ments are provided with double scales so that a 
greater range of measurement is possible. 
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For example, the upper scale might read from 
to 150 volts and the lower scale from to 15 
volts. In this case as the instruments are all 
direct reading with deflections proportional to the 
current, the resistance put in circuit for the higher 
reading would be ten times that for the lower. 

There are generally two marked binding posts 
on one side and one On the other. Care must be 
taken to connect to the correct posts. In an in- 
strument at hand, the same scale reading to 6 volts 
has three readings. The 6 volt total scale has 
521.6 ohms in circuit with the coil, the 60 volt = 
5215 ohms and the 240 volt = 20869 ohms. 

A simple calculation will show that all these re- 
sistances are almost exactly proportional to the 
total scale readings. 

Multipliers. Multipliers for increasing the read- 
ings of voltmeters are largely used. They are re- 
sistance coils in portable cases. Fig. 39, and are 
put in series with the voltmeter. 

Multipliers must be adjusted for each particular 
ijistrument as the resistance coil must be a mul- 
tiple of the voltmeter resistance. A multiplier 
with a value of 10, for instance, used with a 6 volt 
voltmeter of 521 ohms would measure about 5215 
ohms; one with a value of 40 would equal about 
20,860 ohms. The multiplier by 10 would give a 
total scale value of 60 and the multiplier by 40, ^ 
total scale value of 240 volts to the 6 volt instru- 
ment. 
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Such instruments are of the utmost service in 
measuring low resistances, temperature i.>iianges, 
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Relative Sizes. Fig. 40 embodies the relative 
sizes and styles of Weston instnmients with their 
style letters. 

Hot Wire Instnunents. Voltmeters and am- 
meters indicating from the expansion and contrac- 
tion of wires carrying current were first repre- 
sented by the Cardew types. 

A fine wire was run over a pulley carrying an 
index, one end of the wire being rigidly attached 
and the other end held taut by a spring. When 
current passed along this wire, the latter expanded, 
the slack was taken up by the spring and the 
pulley rotated. Upon cessation of the current, 
the wire cooled and contracted, the pulley reversed 
and its pointer returned to zero. 

Instruments made on this principle could be used 
on either direct or alternating currents. 

But they possessed the disadvantages of burning 
out on accidental overloads, of the wire becoming 
stretched or otherwise distorted, of consuming a 
larger current than the other types which would 
render them less accurate, of requiring a long case 
and an undesirable position of that case and many 
minor defects. 

The Whitney Hot Wire Instruments. The Whit- 
ney typfe of hot wife iiistruments represents the 
practical solution of the before mentioned defects. 

The mechanism is shown in diagram in Fig. 41. 

A wire ^4 Z? of high resistance, low temperature 
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coefficient and non-oxidizable metal is secured at 
one end to a plate C. It runs over a pulley Z> 
mounted on a shaft E, and its free end is attached to 
the other end of C, but is insulated therefrom. 
A spring F keeps the wire taut and takes up any- 
slack imparted to the wire by the passage of cur- 
rent. 




Pig. 41. 



Current only flows in the portion of wire .4 be- 
tween C and the pulley D where the coiled wire 
connection is shown. 

When A is heated by current flow it expands, 
F taking up the slack, pulls A round D, and ro- 
tates D and E. 
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If a pointer were directly attached to shaft B 
it would indicate on a scale the movement of D 
and E. 

But a magnifying device is employed, C is a 
forked rod rigidly attached to E, at its lower end 
a silk fibre fastened between the forks passes around 
a pulley // which carries the pointer. 




The rotating of A" therefore moves G and th» 
silk fibre rotates H and the pointer, thus magni-- 
fying the movement of G. 

Any temperature variations will affect A B 
equally, it is therefore self-compensating. 
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The tension of F being slight, wire A B is not 
iimder a heavy strain, it more nearly returns to 
■ its original length after current ceases. 

. The instniment. however, can be adjusted to 
) very readily if it should become necesssary; 
A portable instrument is shown in Fig. 42 and 




rtL switchboard instrument in Pig. 43, many other 
I types being manufadTureti, 

I For direct current work only an electro-magnetic 

Isystem is used. The ammeters of this type have 

la uniform drop of .05 volt. Shunts are thus inter- 

langeable. 
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Ammeter Shunts. The ammeter shunts used 
with Weston switchboard instnmients are shown 
in Fig. 44. 

The shunt itself is made of one or more sheets 
of alloy resembling German silver in appearance. 
The ends of these sheets are fastened into brass 
or copper blocks. 




Large clamping screws are provided for attach- 
ment of the shunt to the bus-bar, which latter are 
inserted in the large slots at each end of the shunt. 
The small screws are for the instrument cords. 

The Whitney shunt. Fig. 45, is made of a solid 
block of metal slotted as shown so as to give the 
resistance of a long bar. 

In all cases the connections to shunts must be 
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as perfect as possible. Poor contact causes heat- 
ing if at the bus-bar connections and thereby in- 
correct indicating at the instrument terminals. 

The shunt cords must also be properly clamped 
or incorrect readings will result. 

The importance of these precautions will be 
thoroughly appreciated when the principle of the 
shunt ammeter is considered. 

For the same reason the cords must on no account 
I be tampered with. If too long loop them up and 




Pic. 45, 



t bind the looped part if desired with tape. A 
1 shortened cord would increase reading of instru- 
r inents as it lowers the resistance in series with the 
' ammeter. And a poor connection would decrease 
[ readings on account of its resistance. 

Too little attention is often given to these points 
I by those in charge of a plant, an instrument can- 
rnot give correct readings- if improperly connected. 

Shimts for portable instruments are included in 
. the base of the instrument. ■ 

For extreme adaptability, a milli voltmeter can 
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be equipped with a set of shunts so that the same 
instrument will measure from a fraction of an 
ampere to many thousand amperes. 

Other Types of Instnunents. Voltmeters and 
ammeters are constructed on principles other than 
that of the D-JArsonval galvanometer, or the 
stretching of a hot wire. 

It is unquestioned that the D' Arson val system 
is the only correct one for instruments to be used 
on direct current circuits only. But owing to 
patent rights it has been necessary for manufac- 
turers to seek other methods of construction. 

The result is that while no new principles are 
used, those less suitable than the D' Arson val 
have been perfected with such ingenuity as to 
make most excellent substitutes. 

It is also unquestioned that when the D'Arson- 
val patent expires it will be the only principle 
that will survive. That is, unless the electro- 
static instruments are much improved and made 
practicable for measurements of low potentials. 
The above refers more to laboratory and portable 
instruments than to those designed for switch- 
board work. 

The solenoid type of Fig. 46 has a pivoted soft 
iron armature curved to enter a solenoid. Current 
being passed through the wire of the solenoid 
causes the armature to be attracted more or less 
against a restraining force. The latter may be 
gravity or springs. 
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A pointer attached to the armattire indicates 
on a dial. 

A simpler solenoidal instrument is shown in Fig. 
47 but acts in the same manner. 

A type of magnetic vane instrument, Fig. 48, 
depends upon the repulsion between two pieces 
of iron in the same field. One is stationary inside 
a coil of wire, the other is movable on an axis. 

As both lie in the coil the same way they both 





Fig. 46. 



Fig. 47. 



Fig. 48. 



have N poles or 5 poles at the same end. As simi- 
lar magnetic poles repel each other the stronger 
these iron pieces become magnetized the farther 
apart they move. 

The galvanometer principle, Fig. 49, is used 
where a short magnet is pivoted inside a coil large 
enough to give a fairly uniform field. 

In Fig. 50 the attraction is between two curved 
armatures and the two poles of an electro magnet. 
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This is purely magnetic attraction and is counter- 
balanced by the force of gravity, a spring, or an 
adjustable weight. 

The heating effects of current are itsed in Fig. 
51 where a coil of wire surrounds a thermometer 
bulb. By the rise of the mercury the heat and 
thereby the current flow is measured. 

Westinghouse Type K. The Westinghouse type 
K voltmeters and" ammeters are made on the prin- 



/ 




Fig. 49. Fio. 50. Fig. 51. 

ciple illustrated in Fig. 47, the lower end of the' 
armature working in a glass tube filled with oil. 
This steadies the moving system and renders it 
dead beat. The armature is not rigidly attached 
to the pointer shaft, but has a flexible connection 
of silk. The shaft itself takes the form of a scale 
beam working on knife edges. The bearings for 
the knife edges are so constructed that the leverage' 
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I becomes uniform and the divisions remarkably 
even throughout the scale. .- 

Being purely electromagnetic attracting instru- 

Iments they can be used on circuits of either direct 
or alternating current. 



Fig. 52. 




G. £. Potential Indicators. A simple form of- 
voltmeter and also of ammeter made by the Gen- 
eral Electric Company is illustrated in Fig. 52. The 
movement of the armature in the solenoid is con- 
trolled by gravity, means of adjustment being by- 
means of the balance weights sliown in the illjs- 
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tration. The ammeters of this type are : 
connected not shunted. 



Thomson Inclined Coil Meter. The Thomson in- 
chned coil ammeter is adapted for use on circuits 
of alternating current. 

The instrument is constructed on the magnetic 
vane principle in which an 
strives to turn itself parallel 
coil carr}"ing the 




The name comes from the peculiar position of 
the coil. Instead of lying flat on the base its 
axis is inclined. 

A soft iron vane is mounted obliquely on a 
shaft which latter is held in a vertical position 
and controlled by springs. 

The shaft also carries a pointer moving over a 
graduated dial. 
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When current is sent tlirnugh the coil the vane 
I turns against the springs so as to set itself parallel 
I with the axis of the coil. The inflined poF-tion 
Lof the latter and the peculiar shape of the ane 
Igive a more evenly divided scale than is obtained 
I in most other instruments of this class. 




The voltmeter has a similarly placed stationary 
^KMil, but in place of the iron vane is equipped 
I moving coil in series with the other 
The pointer is carried by the moving coil 
1 which is controlled by springs. 



iT coil. J 

;oil sys- B 
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This type of instrument can also be used on 
direct current circuits. 

On alternating current circuits they work 
equally well for all frequencies of alternations. 

The mechanism of the pocket ammeter is shown 




in Fig. 5U, the switchboard ammeter in Fig. S4, 
and the switchboard " edgewise " voltmeter with 
iron vane moving system in Pig. So. The am- 
meters below 500 amperes total scale are series, 
the entire current passing through the instrument. 
Although the above type may be used on direct 



I rurrent circuits, tlic maniifacturers 
the Thomson astatic fonn for such ci 



The Thomson Astatic Voltmeter. The mechan- 
ism is illustrated in Fig. 5fi, the same principle 
being used in the astatic ammeter which, how- 

n ever, is a shunt instrument. 

^B The pointer shaft carries a uoil through which 




passes the current to be measured and also two 
pieces of magnetic metal. 

; field magnets are electromagnetic, not per- 
inent, as in the D'Arsonval instruments. 
1 astaticaliy arranged magnetic field is mount- 
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ed perpendicularly to the shaft and restrains the 
i)ieces mounted on the shaft. 

Deflections of the coil due to current flowing 
through it are opposed by the magnetic field act- 
ing on the pieces of metal which are carried by 
the same shaft. There are thus no restraining 
springs, current to the moving coil being con- 
veyed by torsionless spirals of silver wire. The 
illustration shows the illuminated dial voltmeter 
one of the miniature lamps for lighting the dial 
being visible. The resistance spools are also 
shown, two on each side of the electromagnet coils. 

The dead beat or damping effect is produced 
by an aluminum disc which moves in the field of 
an electromagnet. 

Thomson astatic instruments can be provided 
with polarity indicators, a red disc sho\ving in 
the scale card when polarity is reversed. 

The Wattmeter. The most efficient forms of 
wattmeters are constructed on the electro-dynamo- 
meter principle. 

If two coils of wire are constructed, one sta- 
tionary and the other free to turn inside it, the 
movable one will tend to turn until its coils are 
parallel with the stationary one when current is 
applied to both. 

In the wattmeter, the stationary coil is of heavy 
wire and the main current flows through it. The 
movable coil is of fine wire in shunt across the 
circuit. 
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Changes of current strength in the main circuit 
thus affect one coil, and changes of e.m.f. the other. 

As the watt is the product of the e.m.f. multi- 
plied by the current, the index attached to the 
movable coil is influenced by the watts in the cir- 
cuit. 

This type of instrument can be used on direct 
or alternating current lines. 

Keystone Instruments. The Keystone voltmeters 
at present are made either on the electro-dynamom- 
eter principle just described, or are electromagnetic. 

In both types they can be . calibrated to read 
on alternating or direct current circuits. 

The makers recommend the electro-dynamo- 
meter type for direct current voltmeters, but not 
for ammeters. The connections between the mov- 
ing coil and the circuit would have to be so large 
as to interpose friction. 

The ammeters are electromagnetic and are for 
series connection. The scales, however, are re- 
markably even. 

In the electro-dynamometer type, there are 
two springs to control the moving coil. 

Over the first part of the scale a spiral spring 
opposes the movement, while a " pendulum " 
spring assists it. Further on, the latter spring 
assists the spiral spring, thus opposing the coil 
movement when the deflecting force is greatest. 

This ensures greater evenness in the scale divi- 
sions throughout the range. 
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Queen Instruments. The Queen Wirt voltmet- 
ers and ammeters can be used on circuits of 
either direct or alternating current. 

They are electromagnetic, the principle being 
that in which an iron armature tends to move 
into the strongest part of a magnetic field. 

A tube of soft iron lies parallel with the axis 
of a coil of wire through which current passes. 
Being mounted away from the true centre of the 
coil it moves towards that centre where the field 
is strongest. 

The electromagnetic principle does not allow of 
absolutelv even scale divisions, but those in the 
middle of the scale are fairly uniform. 

Although for use on both circuits, the scales 
must be graduated for either one or the other. 

For alternating current the divisions are most 
uniform. 

In the Queen portable form, an upper scale can 
be graduated for direct current and a lower scale 
for alternating current. 

Electro-Static Instruments. A type of instru- 
ment much used on circuits of extremely high 
e.m.f. is made on the principle that two oppositely 
charged plates will attract each other. 

A movable plate of aluminum is suspended be- 
tween fixed plates of similar metal. The movable 
plate carries an index and is controlled either by 
gravity or springs, generally the former. 

The fixed plates are connected to one side of 
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the circuit and the movable plate to the other 
side. 

The instrument in fact is a form of condenser. 

When a source of high e.m.f. is connected as 
above to the instrument the mutual attraction 
between the two series of plates causes the movable 
plate to swing and its index to indicate on a scale. 

As the attractive force depends upon the square 
of the e.m.f., the scale divisions are not uniform. 

Such instruments consume no current. 

The chief advantage of the electrostatic volt- 
meter is that it can be directly connecte.1 to a 
ciicuit of extremely high potential. 

In the case of alternating current circuits with 
voltages up in the tens of thousands it becomes 
necessary with other types of voltmeters to reduce 
the voltage before applying it to the instrument. 

This is done by means of a " potential transfor- 
mer," which is a small transformer especially con- 
structed to reduce the high voltage to a lower 
one suitable to the instrument in use. 

The voltmeter is thus not directly connected to 
the circuit but is inductively connected. 

Reading Instruments — Parallax. One source of 
error in reading voltmeters and ammeters lies in 
the fact that the pointer or index does not touch 
the scale. 

If the eye is not directly in front of the index 
a reading to one side or the other is liable to be 
made. 



72 ELECTRICAL IN'STRUMENTS, 

Where an index stands as much as a quarter of 
an inch away from the scale, a lai^e error in read- 
ing might result. 

This error is called parallax and is prevented 
in portable instruments for accurate testing by 
the following device: 

The index is made thin and flat, lying edgewise 
towards the eye. A strip of mirror is placed be- 
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neath the index. The reading is made when bv 
looking down on index and mirror, the index 
hides its own reflection. 

Some switchboard instruments are made for 
edgewise reading, that is, the scale is at right angles 
to the base, Fig. 57. The scale is curved and the 
index is bent so as to follow it. 
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In this type, the error of parallax is likely to be 
greater than with the ordinary' type. 

Care of Instruments. Electrical measuring in- 
struments must be handled with at least ordinary 
care. 

Although made as air tight as possible, damp- 
ness and excessive heat should not be permitted 
to attack them. 

Violent swinging of a pointer through excessive 
current is liable to do more than bend the pointer. 

Even if it does not permanently injure the in- 
strument it does it no good. This is more likely 
to happen in using a double scale instrument, or 
by reversing the connections. 

When taking measurements the instrument 
should not be set down on a generator or its bed 
plate. 

And a direct current voltmeter should not be 
tried on an alternating current circuit. 

The glass front should never be rubbed before 
taking a reading, or the pointer will be influenced 
by so-called static currents. 

They may be dissipated by touching the finger 
to the middle of the cover, but are best omitted. 

In the case of two or more compound wound 
generators being connected together to run in 
multiple, a so-called equalizer is used. This is a 
bus-bar or cable connecting together a point on 
each dynamo between the series field winding and 
its brush connection. 



74 ELECTRICAL INSTRUMENTS. 

The ammeter or its shunt is not to be connected 
in series with the lead from the series field or 
equalizer side, but in that lead which runs directly 
from the brush to the main switch or bus-bar. 
Otherwise current flowing in the equalizer bus 
would not be indicated. 

Ammeters for storage battery circuits are made 
with a central zero as the deflections of charge 
or discharge are in different directions. 

This is of course onlv true of that class of in- 
strument in which the direction of deflection de- 
pends upon the direction of current flow, that is, 
polarized instruments. 

If a polarized instrument without a central zero 
be used for storage battery work, a reversing 
switch becomes necessary between the shunt and 
the ammeter. 

This is but a makeshift and is by no means to 
be recommended. 

Any instrument built to be used only in a ver- 
tical position must not be used when laid hori- 
zontally and vice versa. Readings may be made, 
but they are liable to be inacourate, owing to fric- 
tion or gravity. 



CHAPTER V. 
The Wheatstone Bridge. 

The Wheatstone Bridge. In Fig. 58 is shown the 
lozenge or kite diagram of the Wheatstone bridge. 

^4 B are two adjustable resistances. These form 
the proportional arms of the bridge. 

R is an adjustable resistance or rheostat, G a 
galvanometer, B the battery and K K keys closing 
the battery or galvanometer circuits res])e(^tively. 
.V is a resistance which it is desired to measure. 

If the battery key be closed, current will divide 
between ^4 and B and flow through R and .v back 
to battery B. 

li A B, R and .v are equal, the current will di- 
vide equally down each side of the lozenge. Even 
if the galvanometer key be closed, no current will 
flow into G. 

If X be greater in resistance than R, part of the 
current through B will travel through G and thence 
through R in accordance with the law of shunts. 
The galvanometer needle is thus deflected. But 
by adjusting R to agree with .v the two paths R 
and X being equal no current flows through G. 

Should R be greater than .v, current flows through 
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A and through x by way of the galvanometer, and 
the needle is deflected, but in the opposite direc- 
tion to the former case. 

The Wheatstone bridge is based on the fact that 
no current flows between points of equal potential. 

Consider the two sides of the bridge A R and 
B X as two wires of equal resistance per unit 
length in multiple between the battery terminals. 

The drop of e.m.f. will be the same in each wire 
for the same length. 




Fig. 68. 



If the galvanometer be connected to a point in 
each wire equally distant from either end, say the 
middle of each, no current will flow in the gal- 
vanometer. 

The effect is the same as if both terminals of 
the galvanometer were placed on the same spot 
in a single wire carrying current. 

Shift one galvanometer connection, this has the 
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same effect as separating the two contacts on a 
single wire. 

The galvanometer in the latter case will be in 
shunt with the piece of wire included between its 
contacts. As the points are at a different poten- 
tial, the galvanometer will show the potential in 
that piece of the circuit. 

The same applies to the double wires. When 
the bridge galvanometer' is connected as in the 
figure but assuming A R B and x as equal, the 
galvanometer is connected between two points of 
the same potential. 

If X be increased in resistance over that of K it 
would be the same as increasing the length of the 
wire X. 

In the latter case the galvanometer contact 
could be shifted along the x wire until it again 
stood at the middle, when the galvanometer would 
remain undeflected. 

In the bridge the resistance K would be ad- 
justed until it was equal Jo x, A being in the same 
proportion to i^ as j5 was to x, the galvanometer 
would be at the points of equal potential. Of 
course B could be changed but R is the adjustable 
resistance. 

If A is to B SiS R is to x^ then x will be the same 
as B multiplied by R and divided by A . 

This is just simple proportion in arithmetic as the 
following example shows. In simple proportion, to 
get the fourth term or answer, the second and third 
are multiplied together and divided by the first. 
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For example, if 1 = 2 what will 4 equal? 

2 x4 
1:2 : : 4 : a; or -^j — = 8. 

And in the foregoing formula, if 
A = B what will R equal? 

A:B: : R : x,or — -^ — = ^- 
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Fig. 59. 



The Post-Office Bridge. The connection for re- 
sistance tests of the form of bridge known as the 
(English) Post-Office Bridge is in Fig. 59. 

A tripod form of Thompson galvanometer is 
illustrated and an IS cell battery but it is evident 
that a larger or smaller battery could be used. 
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I 

And any form of galvanometer would be connected 
up in the same way. 

The shunt is not shown, it would be connected 
across the galvanometer terminals. The resist- 
ance to be measured is connected at %. 

The key on the left of the bridge is the battery 
key and should always be depressed first. The 
right hand key is the galvanometer key and is to 
be only tapped until a close balance is obtained. 
Otherwise were the bridge rheostat not adjusted 
to this measurement being made, the deflection 
would be violent. 

Much damage to a galvanometer is done bv 
neglecting this rule. 

In a reflecting galvanometer where the mirror 
is suspended by a silk fibre, the latter may be 
broken. Replacing it is a work requiring expert 
knowledge and vast patience. 

Testing with the Bridge. For illustration of the 
use of the bridge the one shown in the last figure 
will be selected. 

Suppose it is desired to measure the resistance 
of a coil of wire. The two ends are bared of in- 
sulation, scraped clean and inserted in the binding 
posts as shown at x. 

The other connections of the figure are already 
made as described. For the first test, however, 
it will be well to use only one cell of battery. 

All plugs are in the holes in the rows of resist- 
9,nce coil connections. 
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Remove from both .4 and B the plugs from the 
10 ohm coils. 

Remove a 10 ohm coil plug from the rheostat 
part. 

Depress the battery key and tap the galvano- 
meter key. 

The deflection is noted both as to amount and 
direction. Suppose it is 60° to the left. 

Remove another plug say from 100 ohm coil and 
tap key again. 

Deflection in same direction onlv 10°. 

Remove 20 ohm plug, deflection 5° to right. 
This indicates that too much resistance has been 
unplugged. 

Replace 20 ohm plug and remove 10 ohm plug, 
deflection is now 1° but to left. 

Indicates that still too little resistance is out. 

Remove 1 ohm plug; no deflection perceptible. 

Then read resistance unplugged. lO-flOO+lO+l 
or 121 ohms is resistance of wire coil. 

When a resistance equal to that being measured 
is unplugged, no deflection takes place. 

It may be stated here that in these examples 
no actual statement of deflection due to resistance 
is meant. The values given are only illustrative. 

It will be seen that the deflection is to one side 
when too much resistance is unplugged and to 
the other side when too little resistance is unplugged. 

Most galvanometers -fitted in the cases of port- 
able testing sets are marked + and - on opposite 
ends of the scale. 
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As the battery is connected so as to send current 
always in the proper direction, a deflection to the 
+ side means too much resistance and one to the 
— side too little resistance unplugged. Of course 
reversing the battery connections will reverse the 
value of these signs. 

In the bridge of the instruments being described 
in this section, there are three coils in each arm, 
reading from left to right 1000-100-10 in A and 
10-100-1000 in B. 

At present only equal ones are used in each arm. 
For measuring low resistances the 10 ohm coils in 
each arm are unplugged. For high resistances, 
100 ohm coils in each arm are used. 

For very high resistances 1000 ohms in each arm. 

The rule is to use the nearest bridge coils to the 
resistance being measured. 

As the total resistance of the rheostat is in this 
case only 11,110 ohms, it is evident that by the 
method before pursued, no higher resistance can 
be measured and none lower than 1 ohm as that 
is the lowest coil in the rheostat. 

Proportional Arms of Bridge. This is where the 
proportional arms of the bridge come in to use. 

By unplugging a higher coil in the B side, the 
value of each coil in the rheostat is multiplied by 
the number of times the unplugged coil in A divides 
into that of B. 

And by reversing this and unplugging higher in 
A , the rheostat coils are divided by the number of 
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times A is greater than B. As a memory aid — 
A divides, B multiplies. 

This gives new values to the rheostat coils and 
vastly extends the range of measurement. 

For example, let A be 10 and B 100, then B is 
ten times A ; multiply the rheostat figures by 10. 

The 1 ohm coil then becomes equivalent to a 
10 ohm coil and the 1000 ohm a 10,000 ohm coil, 
and so on. 

And let A be 10 and B 1000 and the rheostat 
is multiplied by 100, the 1 ohm coil is thus equal 
to 100 ohms, the 1000 ohm to 100,000 ohms. 

This last setting of the arms will give a value 
to the rheostat of 11,110 X 100 or 1,111,000 
ohms. 

If then the bridge arms were so set and a balance 
obtained at 162 ohms, the actual resistance would 
be 162x100 or 16,200. 

In some bridges there are 1 ohm coils, then the 

range will be 1000 times and . --- , 

lUUUth. 

The dividing method or higher coil in A is on 
the same plan. 

Unplug 10 ohms in B and 100 in A, then the 
readings will be divided by 10, which is the number 
of times 10 goes into 100. And the 1 ohm coil 

becomes — ohm, the 10 ohm coil now being 

equal to a one ohm coil. 

This proportional property of the arms not only 
enables larger or smaller measurements to be made 
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than are in the rheostat, but it gives closer read- 
ings. 

Take the first example, the coil of wire. Set 
the bridge arms A 1000, B 10, making a division 
by 100 necessary of the rheostat readings. As the 
first test showed 121 ohms, unplug one hundred 
times 121 ohms or 12,100 in the rheostat. 

As the bridge now stands this only equals 121 
ohms. It may be necessary to increase the bat- 
tery. 

Having depressed the batter}^ key, depress the 
galvanometer key and there will probably be a 
deflection one way or the other. Suppose it is 
to the - side. 

Unplug 10 ohms now (tt:) and try deflection. 

Let it take 18 ohms more to get a balance or zero 
on the scale. 

Then the rheostat will read 12,118 which di- 
vided by 100 gives 121.18 ohms, a far closer read- 
ing than with equal arms. 

It is a good plan to make a number of tests of 
coils of known resistance, or to check up tests by 
trying various combinations of the arms. 

It must be remembered that as the resistance 
of copper increases from heat, readings will vary 
from time to time owing to the current flowing in 
the wire being tested. The relation between 
heat and resistance will be found elsewhere in 
these pages. 

In testing coils, electro magnets, etc., they must 
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not lie near the galvanometer. Where leads are 
necessary- from the bridge to the apparatus being 
tested, the leads also should be tested as their 
added resistance would give a false value to the 
test. 

Formula. A stating of the foregoing rules as 
formulas will be as follows: 

Let R be the resistance unplugged in rheostat, 
A that in arm A of bridge, B that in arm B of 
bridge, x the unknown resistance. 

Then A : B : : R : x, and Ax = B R\ therefore 
B R 



CHAPTER VI. 
Portable Testing Sets. 

The Willyoung Portable Testing Set— Model K. 

A form of portable Wheatstone Bridge is shown 
in Fig. 60. It is furnished with a small battery 
in the case, and a set of working shunts. 

The galvanometer is of the D'Arsonval type with 
a sensibility of one scale division for one volt 
through over two megohms. 

It is not disturbed by the proximity of other 
electrical machinery or magnetic fields. 

Full directions are furnished with each instru- 
ment. The general rules of its use are those for 
all forms of Wheatstone Bridges. 

In testing a resistance with this instrument it 
is connected to binding posts C D, Fig. 61. The 
flexible battery cords are connected by their cup 
connectors to two adjacent studs on the battery. 
This cuts in one cell; if more are desired the cups 
are connected to include them in circuit. 

The commutator plugs connect A x and B R sls 
shown. Plugs G a and B a are inserted. Plug V 
is omitted, galvanometer switch is turned to " in " 
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and shunt switch put on /, that is. if the particular 
set is equipped with a contained shunt. 

Plui^ all holes in the bridge arms but thiwe I'orre- 
sprmdini^ to lOQ ohms in each arm. 

Then unplug rheostat until enough resistance is 




cut in circuit to equal what the resistance being 
measured amounts to. (When no idea is had of 
the latter, the galvanometer key must be tapped 
carefully that no undue deflection injures gal- 
vanometer). 

Depress batter)' key and tap galvanometer key. 
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If needle swings to x, unplug more resistance. If 
to - cut out some of the coils in the rheostat. 




By varying the proportions in the bridge arms. 
higher or tower resistances than those included in 
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the rheostat can be measured. The latter runs 
from 1 ohm to a total of 21,110 ohms. 

The working range of this set is from .001 ohm 
to about 500,000 ohms with the battery supplied 
in the case. 

By using a larger battery connected at + and 
- at the right hand of the case, much larger read- 
ings may be made. And if a more sensitive gal- 
vanometer be connected where the shunt is, read- 
ings to a maximum of 21 megohms is claimed for 
this set. 

But for such high resistance work as the latter, 
the direct deflection method will be found prefer- 
able. 

The Queen Portable Testing Set. The Queen 
Acme portable testing set. Fig. 62, is adapted for 
all resistance measurements. There are three rows 
of brass blocks and plugs controlling resistance 
coils. 

The middle row is the Bridge, the top and bot- 
tom rows, the rheostat. 

In the centre of the Bridge is a split block com- 
mutator R X which can be connected to the Bridge 
arms by plugs. 

If the plugs are inserted in this commutator in 
the direction of arrow L as shown, the resistance 
in the rheostat is divided by the quotient obtained 
in dividing the higher Bridge arm by the lower. 

If plugs are in direction of arrow H, multiply 
rheostat by quotient. For example, let rheostat 



PORTABLE TESTING SETS. 




90 ELECTRICAL INSTRUMENTS. 

equal 100 ohms and commutator be set as in figure. 
100 ohms in arm B divided bv 10 ohms in arm 

B = 10. Divide rheostat by ^^l^ = 1^ 

ohms. 

But let commutator be set in direction of arrow 

H. Then same example, - = 10, 100 ohms 

in rheostat x 10 = 1000 ohms. 

The galvanometer scale is ^narked + and - . 
If the needle swings towards + reduce the rheostat 
if to - , increase it. 

The range of the Bridge arms is 1 to 1000 ohms, 
and the rheostat 11,100 ohms. This gives a range 
of testing from .001 to 11,100,000 ohms. For re- 
sistances above one megohm, however, more bat- 
tery is required than will be found in the case. 



Formula. For this Bridge, the formula for the 
commutator setting in direction of arrow L is 

-5- = ^-, and for direction //, ^ ^ — 

The general directions for this set are similar to 
the regular Wheatstone Bridge tests. It is very 
simple and easily handled. Other adoptions of 
the set will be found in later pages of this book. 

Table III. gives the Bridge setting for various 
resistance measurements. It is used in conjunc- 
tion with the directions regarding the commutator 
before given. 
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TABLE III. 

Showing setting of Bridge amis to measure re- 
sistances as in first column. 

"a:" Ohms. Ohms Ohms. 

A B 

Below 1.5 1 1000 

From 1.5 to 11 1 100 

11 to 78 10 100 

78 to 1,100 100 1000 

1,100 to 6,100 100 100 

6,100 to 110,000 1000 100 

110,000 to 1,110,000 1000 10 

1,110,000 to 11,110,000 1000 1 



Whitney Testing Set. This portable set, Fig. 63, 
has 11,110 ohms in the rheostat and 1, 10, 100 
and 1000 ohm coils in each arm of the Bridge. 

One plug only is used in each row of the rheostat 
inserting the plug cuts in a resistance equal to the 
number marked on the block. 

The battery and galvanometer keys can be con- 
trolled by one button, the battery contacts being 
made first. Or they can be depressed separately, 
as desired. 

The inside connections are shown in Fig. 64. 

To Use Bridge. Connect the terminals of the 
unknown resistance to the lower right hand bind- 
ing posts. The terminal of the flexible cord pro- 
jecting from the hard rubber top between the 
bridge arms should then be adjusted to one of the 
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five posts, likewise so located; thus throwing in 
circuit from one to five cells of battery, as will be 
seen by the diagramatic illustration herewith. 

If more battery power is needed remove the 
flexible cord terminal from the post and attach 
the terminals of an external source of direct cur- 
rent to the binding posts B B, the positive terminal 
being attached to the post marked " +." 

This external e.m.f. should not exceed 15 volts. 

Assuming that nothing is known of the magni- 
tude of the resistance to be measured, insert the 
plug in the bridge arm lettered " multiplied by " 
in the gap numbered " 100 " and the plug in the 
bridge arm " divide by " in the gap numbered 
" 100." Place the plug in the " hundreds " row 
in the gap numbered " 1." The three remaining 
plugs numbered " " in their respective rows. 
This act has inserted 100 ohms in the rheostat 
arm of the bridge. 

Depress the combination key momentarily. 

If the galvanometer needle deflects towards 
" - " the rheostat resistance is too small and 
more should be added by moving the plugs along. 

If the deflection is towards " + " the rheostat 
resistance is too much and less is to be substituted 
by putting the " hundreds " plug into its " " 
gap and moving the " tens " plug along. 

Proceed in this manner until some combination 
of coil values is found where the galvanometer 
needle will no longer deflect when the key is de- 
pressed. 
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The value of the unknown resistance is then 
indicated by the position of the rheostat plugs. 

The above applies only where the unknown re- 
sistance has a value between 1 ohm and 11,110 
ohms. 

If the resistance is lower than 1 ohm insert the 
plug in the left hand ratio arm into " 10 " and 
the right hand ratio arm plug into " 100 " or 
" 1000." Balance mav now be obtained as before, 
then 



Multiply by Vn r ^ ;? - V 
Divide bv A 



For resistances higher than 11,110 ohms the plug 
in the left hand bridge arm must be inserted in a 
higher number than the plug in the right hand 
bridge arm. 

When using the set for the Varley loop as a 
Wheatstone bridge see that the plug in the " loop " 
bar is in block marked "V. & B." When using 
set for Murray loop test shift the plug into block 
marked '* M." 

The lower right hand binding posts are used for 
all measurements with this set. 

The upper right hand binding posts are for 
extra battery. 

If an external galvanometer is to be used, it is 
to be connected to the left hand binding posts. 
The plug is shifted from the right hand hole in 
block marked g.ilv. to the left hand hole in the same 
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block. This cuts out the galvanometer in the set 
and cuts in the external galvanometer. 

The Slide Wire Bridge. A simple form of Wheat- 
stone bridge is in Fig. 65. 

A piece of resistance wire about No. 24 B. &S. 
is stretched between two binding posts D E. Their 
distance apart is a little over one metre. 
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Fig. 65. 



Under this wire lies a scale graduated into 1000 
equal divisions with a zero at each end. 

Brass or copper strips of too small a resistance 
to be considered lie on the base connecting the 
binding posts as shown. 

The resistance to be measured is connected at x. 

An adjustable resistance is connected at A, 
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partly taking the place of the rheostat in the P.O. 
and other Bridges. 

A battery and galvanometer being connected as 
shown, the slider C is moved along the wire D E 
until the galvanometer needle stands at zero. 

When the balance is obtained, the resistance of 
X will equal the result obtained by multiplying A 
by the length of wire between C E and dividing it 
by the length between D E. 

The length of the wire can be read either in 
millimetres or divisions of one thousand. 

Formula. Let x be the unknown resistance, R 
the resistance at A, A the length between D C arid 

/? V 7? 

B the length between C E. Then R = — -z — . 

The Stearns Bridge. An ingenious application 
of the Wheatstone bridge to the measurement of 
the resistance of bare wire in continuous lengths 
is found in the Stearns bridge. 

One each of the x terminals of a bridge is con- 
nected to a contact device consisting of a metal 
roller and a form of knife edge. 

The bare wire is wound from one drum on to a 
second drum passing in its passage through both 
of the contact devices. 

The bridge is adjusted to zero by making the 
rheostat equal the resistance of a length of wire 
between the contacts. 

The drums being then started, each successive 
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I length passes the contacts and a continu»ys meas- 
I urement takes place. 

-The distance between these contacts being un- 
k changeable, the resistance of thejuwire included* 
'Set ween them should also remain-ttnchanged. 

The Sage Ohmmeter. The ^jge ohmmeter, Fig. 
)6 ' p Me slide w're flTheatstone Bridge of 




Fig. 66. 

[peculiar pattern with a telephone receiver as well 
WBs a galvanometer. 

The adjustable rheostat takes the form of a fine 
i'Wire, under which are marked resistances in vari- 
|-ous colors. 

A stylus 5 is connected to the telephone T as- 
l^shown in- Figs. (M and fiS and can be touched .at 
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any point on the wire rheostat. Plug P cuts in 
various resistance coils in the Bridge arm, the plug 
holes being colored to correspond with the markings 
on the scale. 




Fig. 67. 

In operation the resistance to be measured is 
connected to posts A and D. The telephone is 
held to the ear and the battery key on the tele- 
phone is closed. The stylus is tapped at various 
points on the rheostat wire until no sound is heard 




Fig. 68. 



in the telephone, the resistance being measured will 
be found in the figures at the point of stylus con- 
tact, where no sound was obtained. 

The numbers are to be read in that color corre- 
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Bponding to the plug socket in use. If tlip 
8 in a red hole, read the red figures, and ^ on. 
■:plug must always be in one of the sapkets i 
'testing. 



plug 
The 




The Evershed Testing Set. This simpk* testing 
pbuttit, Fig. 69, con.sists of an ohmmeter and a hand 
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generator. To test an insulation or other resist- 
ance, all that is required is to connect the resist- 
ance to the binding posts, turn the generator 
handle and read the resistance off the dial. No 
calculations whatever are necessary. 




The connections of the Evershed set are given 
in Fig. 70. 

Current from the generator D flows to the ohm- 
meter — h where it divides. Part travels through 
the pressure coil P and resistance R and tends to 



PORTABLE TESTING SETS. 101 

turn the magnetic needle towards the infinity mark 
on the scale. The other path of the current is 
through the current coil C and the fault x, 

li X has no appreciable resistance the current in 
C will be dependent only on the resistance of C 
and the e.m.f. of the generator. 

In this case the current coil will deflect the needle 
to zero, which is where the influence of each coil is 
equal. 

The resistance of x is in series with the current 
coil. It is obvious therefore that the more resist- 
ance in :*: the less current in C. And coil P turns 
the needle in proportion as its influence becomes 
strengthened by reason of the weakening of C. 

Increase of voltage from the generator does not 
affect the result as it affects both coils. 

The scale is graduated in ohms, the instrument 
being constructed with various sensibilities. 

The different instruments range from 2500 ohms 
to 5 megohms in one instrument and 25,000 ohms 
to 50 megohms in another. Sets for intermediate 
readings can also be had. 

The generators furnished range from 100 volts 
to 1000 volts in output. 



CHAPTER VII. 
Testing with Galvanometer. 

Current flow and e.m.f. in a Circuit. The cur- 
rent flow in all parts of a circuit is equal, but the 
e.m.f. varies according to where it is measured. 

In Fig. 71a fine German silver wire is stretched 
between terminals A E and connected in series 
with a battery and an ammeter G; F is a. second 
ammeter connected in the circuit or G mav be 
shifted. 

When the battery current flows through A E, 
the ammeter placed at G or F shows the same 
reading, the current at G, F, or in fact in any part 
of the circuit is the same. 

Connect a voltmeter V at A and E and note 
reading, then connect V between A B, B.C, CD 
and D E and the latter four readings added to- 
gether will equal the one between A and E. 

If the wire A E is oi uniform resistance, the 
e.m.f. between points at equal distances along it 
will also be equal. 

If V be connected as at first to A and the con- 
nection at E be drawn along the wire towards A, 
the e.m.f. will be observed to decrease. This il- 
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lustrates what is termed **the fall of potential," 
or if electrical work is being performed, the fall 
of e.m.f. 

If the voltmeter be connected across any two 
points and a greater current flow be permitted by 
means of an adjustable resistance i?, the e.m.f. 
will rise with the current. 



« 





.B 







Fig. 71. 



H 



. As long as the resistance oi A E remains un- 
changed, a greater current flow requires a greater 
e.m.f. 



Applications of Ohms Law. If the resistance 
between the connections of V be known, the cur- 
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' rent flowing niay be computed from tlie deflection 

of V by Ohms law. 7 = -— or the current equals 

^thee.m.f. divided by the resistance. 

For example, let A E measure 2 ohms and V 

indicate 4 volts, then the current will be -p- 



2 



or 2 amperes. -^ 

If any two readings be known, the third can be 
computed by Ohins law. 

From the e.m.f^' and = current flow find the re- 

E "'■. :-- 

sistance. R = -j- or the resistance equals the 

J. 

e.m.f. divided by the current.. In this example 
— = 2 ohms. - — 

And from the current and the resistance find the 
e.m.f. E = R xl or the e.m.f. equals the resistance 
times the current in this example 2x2 = 4 volts. 

The applications of Ohms law and the fall of 
potential will be found in the potentiometer, the 
shunt ammeter and in various tests to be described 
later. 

Testing Resistance. Let an unknown resistance 
be placed in series with a battery of constant e.m.f . 
and a galvanometer. Note the deflection and re- 
place the unknown resistance by an adjustable Re- 
sistance. Adjust the latter imtil the second de- 
flection is equal to /the first and the two resistances 
are equal. 
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If the adjustable resistance be of known value 
this method can be pursued, but a more practical 
method is to first ascertain the constant of the 
galvanometer. >» 

r 

The " Direct Deflection " Method! This is the 
simplest method of testing resisto^ces or insula- 
tions and is capable of extended Application. 

It is based upon the fact that the greater the 
current flow through the galvanometer the wider 
the angle of deflection. 



^-B 
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Fig. 72. 



A known resistance R^ Fig. 72, is put in circuit 
with the galvanometer C, battery B and double 
contact key K, 

After noting the deflection, the key is depressed 
and the \mknown resistance x thrown in circuit. 
The second deflection is then noted and compared 
with the first. 

If the galvanometer deflections are proportional 
to -the ctirrent, x will be as many times the resist- 



106 ELECTRICAL INSTRUMENTS. 

ance of R as the deflection through R is greater 
than that through x. 

For example, let R equal one hundred ohms 
and the deflection through it be ten degrees. The 
second deflection through x is twenty degrees. 
This shows that the current flowing through x is 
twice that which flowed through R and therefore 
the resistance of x is only one-half that oi Rj or 
fifty ohms. 

Formula. As a formula, let x equal the unknown 
resistance, R the known resistance, D the deflec- 
tion through R and d the deflection through x. 

Then x = j — 

a. 

In case the galvanometer resistance is to be 

allowed for it is to be added to R but deducted 

from X. Calling it r, the formula stands 

D X {R + r) 



X = 



d 



Galvanometer Figure of Merit or Constant. It is 

customary in many uses of the galvanometer to 
determine the figure of merit or constant of the 
galvanometer. 

This is the resistance through which the gal- 
vanometer will give a deflection of one scale de- 
gree for one volt of e.m.f. 

If 100,000 ohms could be inserted in series with 
the galvanometer and one volt e.m.f. and still one 
degree of deflection be obtained, the figure of 
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merit or constant of the galvanometer would be 
100,000 ohms. 

And if 50,000 ohms with one and one-half volts 
gave a deflection of three degrees, the constant 
would be as loUows: 

The e.m.f. is one-half as much again as required, 
therefore the deflection will be one-half as much 
again or one-third more than it should be. Re- 
ducing it by one-third gives two degrees of deflec- 
tion. 

And it is evident that if two degrees are obtained 
through a certain resistance, one degree would be 
obtained through twice the resistance. 

One degree of deflection only requires one-half 
the current to produce it that two degrees does, 
therefore the constant for the galvanometer is 
50,000x2 or 100,000 ohms. 

Formula. To make a formula out of this let D 
be the deflection through the resistance, R be the 
resistance, V the e.m.f., and x the constant re- 

. . ^. D XR 3X 50,000 .r,r.r.r.a 

quired. Then — ^r — = ^ or ^, =100,000. 

V If 

The terms constant, figure of merit and sensi- 
bility are used to mean the same. Sensibility or 
constant are the most generally adopted, however. 

With Shunts. If a shunt is used in obtaining 
the constant the deflection and resistance must 
be multiplied by the value of the shunt which 
will be known as w, as before. 
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In the above example let the shunt be — 

with a multiplying power of 10. 

The formula will be then 

DxRxn .., 1 . , 3x50000x10 
— ,v = X and the last exaniple — 

or 1,000,000 ohms. 

Using the — shunt only one-tenth of the 

current went through the galvanometer but as 
it is for example assumed to give the same de- 
flection as at first, its constant is ten times higher. 

In some cases the full battery perhaps 100 cells 
is used to get a constant by shunting the galvano- 
meter. 

The constant is then not for one cell but for the 
whole battery. 

Its value will be the product of the deflection, 
the known resistance and the shunt. 

Formula. Using the above letters, (battery of 
one hundred cells) , 

DxRxn = constant. 

Example. Let the deflection be 16°, resistance 

100,000 and shunt -rr— . Then constant for the 

battery in use will be 16x100,000x100 or 160 
megohms. 

And it is evident that the constant for one cell 
will be one-hundredth of the above, or 1,600,000 
ohms. 
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Where the figures of resistance become high it 
is preferable in calculating to substitute the value 
in megohms or fractions of a megohm. 

Second Example. Let the figures used in de- 
termining the constant be, R = .1 (one-tenth) of 

a megohm, D be 100° and the shunt ttjtjtj- 

In testing an unknown resistance with the same 
shunt and battery the deflection is 10°. 

Then the constant is 100 X.lX 1000 or 10.000 
megohms. 

And the unknown resistance — ^^j — or 1000 
megohms. 

Summary of Rule. When using the same shunt 
battery and galvanometer the value of an unknown 
resistance will be determined by dividing the con- 
stant by the deflection obtained through this un- 
known resistance. If a different shunt s is used 
the formula will be 

DxRxn 
dxs 

Deflection Constant. It is often convenient to 
use the deflection obtained through a known re- 
sistance as the constant. The degrees of deflection 
obtained in a test will then be calculated in terms 
of the resistance used when getting the constant. 

For example, let the deflection through one 
megohm be 85 degrees. Then the resistance-con- 
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stant would be one degree through 85 megohms, 

and the deflection-constant would be 85 degrees 

through one megohm. 

In testing an unknown resistance under the 

same conditions of battery, shunt, etc., the de- 

85 1 
flection is 170 degrees. Then -— - = — and the 

tmknown resistance is one-half megohm. 

Rule: Divide the deflection-constant by the de- 
flection through the unknown resistance; answer 
is in terms of standard used to determine constant. 

Formula. Let R be the standard resistance, D 
the deflection through it, x be the unknown re- 
sistance, d the deflection through x. Then 

DxR 

If K be one megohm the calculation is simplified 
for quick working, and becomes —r in megohms. 

Direct Deflection with Queen Set. The Queen 
Acme set, T vOO, may be used for tests of this 
nature; a special set is, however, constructed hav- 
ing a resistance in series with the galvanometer. 
The latter can also be shunted by manipulating 
the Bridge. 

The T 460 set is used as follows: 

To obtain the constant, connect a resistance of 
about 100,000 ohms such as one of the glass slabs, 
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between the top left hand post and the + batten- 
post. 

Remove all plugs from the commutator between 

the Bridge arms and plug in all coils. Connect in 
one cell of battery by means of the flexible cords. 
The setting should be as in Fig. 73. It will be 
seen from this diagram that the circuit starting 
downwards from the slab runs through the + bat- 
tery post, battery cell, battery key B a, rheostat 






blocks, galvanometer, galvanometer key G a. to 
the main post and to the upper part of resi.stancc 
slab. 

The slab, galvanometer and battery will thus be 
in series when B a and G a are depressed. 

If any plugs have been left out in the rheostat, the 
resistance of the coils they control will also be in- 
cluded in the circuit. 
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When B a and G a are depressed a deflection of 
the galvanometer will ensue. If this deflection is: 
one degree, the constant is 100,000 ohms. 

If more than 1 degree, remove plugs from rheo- 
stat and add resistance thereby interpolated to 
resistance of slab. The constant will be the figure 
so obtained. 

And if less than one degree, a lower resistance 
than 100,000 ohms must be used, but it is not 
likely that this will be the case. 

The constant having been obtained, detach slab 
and connect resistance or insulation to be meas- 
ured in its place. 

If the deflection is too small add more cells. A 
larger battery can be added by connecting it to 
the battery posts, detaching the flexible cords and 
cups from the battery in the case. 

To determine the resistance now being measured, 
divide the constant by the deflections obtained and 
multiply the result by the number of cells used. 

For example, let the deflection be 10° with 5 

n 100,000 X 5 ____ , 
cells. = 50,000 ohms. 

The deflection has been increased 10 times, 
which would show that the resistance was only one- 
tenth of the constant or 10,000 ohms. 

But as five times the e.m.f. has been used, the 
result must be multiplied by five. 

Another method is to use the deflection obtained 
through 100,000 ohms as the constant. Divide this 
constant by the deflection obtained in the test and 



TESTING WITH GALVANOMETER. 113 

multiply by the number of cells used. The answer 
will be in terms of 100,000 ohms. 

For example, let 8® be the deflection constant 
through 100,000 ohms with one cell, and 4° be that 
through the tinknown resistance with five cells. 

Then -7- X 5 X 100,000 = the unknown resist- 
4 

ance, or 1,000,000 ohms. 

In such tests the resistance of the galvanometer 
may be neglected. 

If it is desired to use only the galvanometer of 
the Acme set, remove the plugs from the com- 
mutator, insert all other plugs and connect to the 
main posts at left end of case. The galvanometer 
and key are now directly connected to these bind- 
ing posts. 

Measuring Resistance with Voltmeter. The volt- 
meter being considered merely as a galvanometer, 
it may be substituted for the latter. 

The deflection obtained from a battery or other 
source of current is noted. 

This deflection is actually through the resistance 
of the voltmeter. 

A second deflection is then taken with the un- 
known resistance in series with the voltmeter and 
battery. 

This deflection is dependent upon the current 
allowed to flow through both the voltmeter resist- 
ance and the unknown resistance. 

The first deflection multiplied by the voltmeter 
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resistance will give the resistance through which 
one degree of deflection could be obtained, or the 
constant. 

The value of the second deflection can then be 
calctdated from this constant, the latter divided 
by the second deflection will give the total resist- 
ance. Subtract, the voltmeter resistance and the 
result will be the value of the unknown resistance. 

The connections are as in Fig. 74, more extended 



B 




Fig. 74. 



description of this test being given in the chapter 
treating on measurements with the voltmeter. 



Testing Resistance of Galvanometer. In many 
tests it is necessary to know the resistance of the 
galvanometer being used. If it is not marked on 
the instrument it may be found by the following 
method : 

Arrange the galvanometer (7, Fig. 75, in series 
with an adjustable resistance R and battery C. 
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The resistance and battery should be so selected 
that the deflection of G is about one-half the scale. 
This is to enable readings to be made with accuracy. 

Having noted first deflection, increase resistance 
R until deflection of G is just one-half of its first 
deflection. 

The battery used must be constant or its varia- 
tions will affect result. They may, however, be 
compensated for. Battery resistance is omitted. 

The resistance of the galvanometer will equal 
the resistance of R as measured at the time of one- 
half deflection less twice the original resistance of R. 



C 



h — ^ 



For example, let R equal 10,000 ohms and the 

first deflection be 40°, increase R until at one-half 

deflection it equals say 25,000 ohms. Then 10,000 

X2 or 20,000 from 25,000 leaves 5000 ohms, the 

resistance of the galvanometer coils. 

Formula. As a formula, let R be first resistance, 
r be second resistance; then G = r- 2 i?. 

Resistance of Galvanometer by Bridge. Connect 
the galvanometer G between the posts used in or- 
dinary resistance tests, as in Fig. 76. 



I 
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Adjust the rheostat R until the needle of G is at 
the same deflection when key is open or closed. 
Then the resistance of G will equal resistance in R 
multiplied by result obtained from dividing re- 
sistance in arm B by that in arm A. 

Battery Tests. Tests of battery cells may be to 
determine e.m.f., internal resistance or life. For 
the latter no directions will be given. 




Fig. 76. 

The simplest test for e.m.f. is to connect a volt- 
meter across the terminals of the cell. A high re- 
sistance voltmeter must be used, one with not less 
than 80 ohms per volt is desirable. 

The cell being disconnected from any other cir- 
cuit will give its e.m.f. on open circuit. 

Tests of similar nature may be made by dis- 
charging cell through resistances of different values. 

Tests for internal resistance are needful in many 
electrical operations and a number of methods will 
be described. 



TESTING' WITH GALVANOMETER. 



117 



First Method of Measuring Resistance of a Cell. 

Take open circtiit e.m.f. of cell with voltmeter of 
known resistance R. 

Add resistance r in series with cell and volt- 
meter and adjust until e.m.f. deflection is one-half. 

Calculation: Add additional resistance to that of 
voltmeter so as to obtain total resistance in series 
with cell. Subtract twice the resistance of volt- 
meter and answer will be that of cell. This test 
is only suitable where internal resistance of cell 
is high. 




,wi\n; 



I o- 
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Fio. 77. 

Example. Voltmeter = 521 ohms, e.m.f. 1.5 
volts; adding 530 ohms reduces e.m.f. to .75 volt. 
Total resistance 521 + 530 = 1051. This less 521 x 
2 or 1042 = 9 ohms. 



Formula. (R + r)-2 R = cell resistance. 

Second Method. In Fig. 77 C is the cell whose 
internal resistance it is desired to measure, V a 
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voltmeter, R sl known resistance tod K a k6y to 
connect R across the circuit when desired. ^ >^^T 

First read the e.m.f. of C with the key open; 
then depress key and read the e.m.f. Across R. 

Then the resistance of the cell will equal the 
first e.m.f. minus the second e.m.f. divided by the 

second e.m.f., or as a formula, r = JR X -, 

The second e.m.f. is really the drdp across the 
resistance. 

Example. — Let first e.m.f. be 2 volts, resistance 
be 2 ohms, second e.m.f. across resistance be 1.5 
volts, then internal resistance is 

■1 

2-1.5 ^ .5 ^12. 
2 X -^r-^ — or 2 X :i— = or 2 X-^ = -^ ohm. 
1.5 1.5 6 6 

Third Method. Another shunt method is by 
using a resistance which equals the total resist- 
ances in the circuit such as galvanometer, wires, 
etc. Connect this in shunt across the cell, also 
connect galvanometer and wires to which shunt 
was adjusted across cell. 

The connection would be similar to the last 
figure, only the shunt should be directly connected 
across C. 

Having made these connections, note deflection, 
and then remove shunt by opening key. 

Note second deflection. Add resistance in gal- 
vanometer (or voltmeter) circuit until second de- 
flection equals first. 
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The value of the added resistance will be the 
internal resistance of the cell. 

At the first deflection, there was a two branch 
divided circuit of equal resistances, the current 
then through galvanometer was one-half the total 
flowing. 

At the second reading the added resistance cut 
down the current by one-half, but by a series re- 
sistance instead of a shunt. 



Fourth Method. The simplest test of internal 
resistance is with the voltmeter and ammeter. 
Connect ammeter so as to obtain reading of cur- 
rent using a resistance to control current. 

Take e.m.f. reading directly across cell terminals. 

£ 

Then by ohms law JR = -y- 

In making this last test the current from the 
cell may be reduced which is an advantage by 
adding a resistance in series with it. The am- 
meter is to be included in the circuit. 

The e.m.f. V of the cell on open circuit is first 
read. With the resistance in, the e.m.f. is again 
read v^. The current (/) is also read on the 
ammeter. 

Then r or the resistance of the battery is equal 

to — j-^. 

Most of the above methods are only suitable for 
non-polarizing cells or cells of low internal resist- , 
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ance. The Wheatstone Bridge methods are pre- 
ferable. 

Resistance of Battery by Bridge. In Fig. 78 C 
is the cell to be measured connected to line posts 
of bridge. 

A key K and the galvanometer G is connected 
as shown. 

Make the reading of G equal whether K is open 
or closed by adjusting rheostat R, 




Formula. Then the resistance of C will equal 

the result obtained by multiplying 2? by -j- 

In the formula R is resistance of rheostat, B 
that of arm B of bridge, and A that of arm A of 
bridge. 

Measuring Current Flow of Cell. The rate of 
current flow of a cell may be deduced from Ohms 
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law after reading the e.m.f. and the internal re- 
sistance. 

But it may also be measured with an ammeter 
on short circuit. 

The latter method is not always desirable. The 
test can also be made with a tangent galvanometer. 

The tangent galvanometer can be used as an 
ammeter providing the directive force of the 
earth's magnetism be known for the place where 
the measurement is made. 

This directive force is used in the form of a con- 
stant. It varies however, from time to time. 

The constant of the place of measurement is 
multiplied by the radius of the galvanometer coil 
in inches and the result divided by the number of 
turns in the galvanometer coil. This gives a con- 
stant for the galvanometer. 

When a current produces a deflection of the 
needle, the tangent of the angle of deflection mul- 
tiplied by this galvanometer constant equals the 
current flow in amperes. 

Example. — ^A cell of battery applied to the ter- 
minals of a 10 turn coil which had a radius of 6 
inches produced a deflection of 18°. The test was 
made in New York. 

744 x6 

Constant of the galvanometer equals - — ryr — 

or .4464. 

Tan (tangent) 18° = .3249. 

Then .4464 X. 3249 = 1.4518 amperes. 
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Formula. Let / = current flow ; H constant of 

location ; r radius of coil ; N number of turns of coil ; 

G constant of galvanometer ; T tangent of deflec- 

Hxr 
tion. Then G = — jtt— and / = G X T, or 

7 _ H X r 



^d ^:-'-.: ■-^p.'^'--: :/-,:: [_ -. ::■ .rriOQ 6:^T 
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CHAPTER VIII. 



'■•^ •■) 



The Potentiometer. - -'^ • 

• ■* 

The Potentiometer. Referring back to Fig. 71 
let the negative terminals of two independent 
batlery cells be attached to A and their positive 
terminals to E. No current will flow along A E 
if the e.m.fs. of the cells are equal. This can be 
proven by inserting a voltmeter in series with 
either cell or between A E. One e.m.f . is opposing 
the other e.m.f. If now two cells in series be ap- 
plied to A E and a third cell be connected in mul- 
tiple between A E as before, a voltmeter of gal- 
vanometer will show current due to the excess of 
e.m.f. from two cells against one. Or if all the 
cells are equal, the deflecting force will be equal 
to that of one cell. 

' G6ntt6Ct a voltmeter or galvanometer in series 
with the one cell and leaving the negative ter- 
minal connected to A move a wire from the volt- 
rtiet^r along W. A point will be reached where 
the voltmeter or galvanometer will settle to zero 
showing' the e.m.f. of the one cell is equal to that 
opposing it from the two cells. As the wire W is 
of uniform resistance, the e.m.f. across one-half of 

m 
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it will be one-half that across its entire length. 
The point of zero will then in the present case be 
in the middle at C, and the relation between the 
two lengths of wire will equal that between the two 
e.m.fs. Or the length A C will be to A E as the 
e.m.f . of the one cell will be to that of the two cells. 
Although there is some similarity between a 
potentiometer and a Wheatstone bridge there exist 
two great differences. The bridge has one source 




w 



Fig. 79. 



of e.m.f. and two circuits; the potentiometer two 
opposing e.m.fs. in one circuit. 

A balance is obtained in the bridge when the 
points of equal e.m.f. in two circuits are connected 
through the galvanometer. 

In the potentiometer the point of equal e.m.f. 
between two e.m.fs. is found in one circuit. 

A simple form of potentiometer is shown in 
Fig. 79. Between the binding posts A B is 
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Stretched a fine resistance wire. A sliding con- 
tact P moving on a gtdde rod carries an index 
which indicates on a scale graduated into 1000 
equal divisions. This scale may conveniently be 
one metre long and the wire No. 24 B. & S. gauge. 
A standard cell 5 is connected, one terminal to A 
and the other terminal to the voltmeter F. The 
second terminal of the voltmeter goes to the slid- 
ing contact P. If V is not provided with a key 
one may be inserted between A and P. The cell 
the e.m.f. of which is to be compared is connected 
to A and B. Similar terminals of each cell must 
be connected to -A. 

Contact P being moved, 5 and C being both in 
circuit, a point on the wire will be found where V 
gives a zero reading. 

When the balance is obtained, the scale divisions 
from i4 to P will bear the same relation to those 
from A to B that the e.m.f. of cell 5 does to the 
e.m.f. of C, The e.m.f. of 5 being known the 
e.m.f. of C is easily calculated. 

Let 5 be 1.019 volts, A P be 755 and A B 1000. 

Then 755:1000 : : 1.019 is to C or ^^^^il^^^^ = 

755 

1.349 .... volts. 

If A P were 10 and A B 1000, C would equal 
101.9 volts. It is evident that 5 should be less 
than C or no point of zero will be found. 

As this is a zero method, that is the object being 
to reduce V to zero, V need not be calibrated in 
volts but may be any form of galvanometer. If 
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it were desired to check a voltmeter, the latter 
wotiM be inserted across A B., the reading on this 
voltmeter should equal the e.m.f. otrtoined by the 
calculation. . ^ > . 

:^-As the sliding of the contact P only cuts in or 
out a resistance formed by the wire, the re- 
sistance of the latter may be determined. Each 
scale division will then have a value in ohms or 
fractions of an ohm. . . 

To make this clear, let the wire be for example 10 
ohms, then each of the 1000 divisions on the scale 

will equal j^ of an ohm. 

And in the foregoing example 755 divisions 
would equal 7.55 ohms. 

The whole example would read 7.55 ohms : 10 
ohms :: 1.019 is to 1.349 volts, the same result as 
before. 

To check an ammeter it would be placed in 
series with a steady source of current. A shunt 
or known resistance is also in series with the am- 
meter. 

Leads of no appreciable resistance are run from 

each end of the shunt to A and J5, The e.m.f. 

across this shunt is first determined. The current 

flowing is then calculated by dividing the e.m.f. 

across the shunt by the resistance of the shunt, or 

E 
I = -^. This should equal the reading on the 

ammeter. The shunt must be of sufficiently high 
-^sistance to give a drop of e.m.f, greater than 
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the e.m.f. of 5. For example, let the Bhunt be 
5 ohms, and the e.m.f. across it be 10 volts. Then 

— = 2 amperes. Some of the foregeing rules 

may be modified in actual work with the more 
complicated forms of potentiometers, but the prin- 
ciples remain the same. 

If it is desired to measure a high e.m.f. and yet 
not apply it in full to the potentiometer, any 
desired e.m.f. may be taken off by means of re- 
sistances. A nimiber of resistance coils being 
placed in series with the high e,m.f., connection 
may be made between two or more for the desired 
e.m.f. In the case of an e.m.f. of 100 volts, let 
10 volts be needed for purposes of measurement. 
Place in series two coils one of 100 ohms and one 
of 900 ohms. Connecting across the 100 ohm coil 
will give an e.m.f. of. 10 volts, across the 900 ohm 
coil, 90 volts, and across the two coils, 100 volts. 
The reason for using such high resistances is to 
keep down the current. The actual resistances 
used may vary according to circumstances, their 
relation to one another is only of importance. 

In some tests it is desirable to connect the 
known source of e.m.f. across A B and the un- 
known across A P. 

By using a charged storage battery and suitable 
high resistance a steady e.m.f. may be obtained 
for some hours. Dry cells are not suitable as 
their curve of e.m.f. drops too abruptly. 

In using the potentiometer with a large battery 
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of constant e.m.f. the latter is connected to A B, 
its positive pole to -A. 

A standard cell 5 is connected, positive pole to 
A and negative pole through voltmeter or galvano- 
meter to P, 

P is moved until there is no deflection. The 
divisions between A and P are noted, or if the 
scale is graduated in terms of resistance of PF, the 
ohms are noted. Call this R. 

The standard cell being replaced by the cell 
under test, a point of balance is again sought. 
Call the resistance of divisons from A to P in this 
case r. Then the e.m.f. of the cell being tested 
is to the e.m.f. of 5 as r is to R. 

It may be necessary in order to obtain greater 
accuracy to use two or more standard cells in 
series between A and P. 

For example, let e.m.f. of the standard cells 5 be 
2.038 A B equal 1000 and A P equal 100. Then 

the e.m.f. across A B will be ^^ X 2.038 or 20.38. 

Substituting the cell C to be tested for 5 it is 
evident that zero balance will be again obtained 
when its e.m.f. balances the e.m.f. between A P. 
It may be then read in terms of the e.m.f. across 
A B or in terms of S. 

Suppose balance now is obtained at 125. This 

125 125 

will be ■ oi A B or 2.547 likewise j^ of S. 

In figures ^|^ x 20.38 = Jqq- X 2.038. 
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The modem testing sets are generally suitable 
for 'use as potentiometers as the following examples 
will show. 

As plug switches are used instead of sliding con- 
tacts, the relations corresponding to divisions on 
a scale will be those of resistances in ohms. In 
the testing sets, the resistance equivalent to that 
between A P, Fig. 79, is made 100 ohms and is 
not changed. The resistance equal to P B is 
adjustable and is first made high. 

As the sliding of P merely changes the relation 
between A P and A B the same result is obtained 
by changing only P B. This which is not feasible 
in the slide wire instrument becomes an advantage 
in the plug switch pattern. 

In the following two tests consider the B arm 
to represent the wire A P and the rheostat the 
wire P B. The B arm plus the rheostat will then 
equal the total resistance of wire W or from .4 to B. 

Although the examples given are measurements 
of e.m.f. or current, the potentiometer is equally 
well adapted for comparing resistances and insula- 
tions. 

Checking Voltmeters. Voltmeters may be 
checked by comparison with a standard instrument 
or by the potentiometer method. 

In the former case, the standard instrument 
and the one being checked are connected in mul- 
tiple across the e.m.f. at the same point and their 
readings compared. 
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Potentiometer Method with Queen Set. Unplug 
10,000 ohms from rheostat, unplug A arm' of 
Bridge and unplug 100 ohms only from B arm. 
Remove plugs from commutator except one in 
upper right hand hole, that is, connecting R and 
B blocks. 

Disconnect flexible battery cords from battery 
tips. Connect negative terminal of a standard 
cell or cell of known e.m.f. to line post C and its 
positive terminal to + battery post. 

Connect line e.m.f. to battery posts, + to + 
and - to - . 

Depress B a and G a keys and change resistance 
in rheostat until no deflection occurs. If needle 
goes towards + on scale, reduce rheostat and vice 
versa. Proceed carefully as the balance will occur 
at a point of slight change in the rheostat. 

When balance is obtained, add 100 ohms to the 
reading of the rheostat and divide by 100 or point 
off two places. 

Multiply this result by e.m.f. of standard cell 
and answer is e.m.f. of outside circuit. 

For example, suppose balance was obtained with 
8855 ohms in rheostat and e.m.f. of standard cell 
is 1.44. 

Then -rrrr = 89.55 and this multiplied by 

1.44 = 128.95 volts as e.m.f. of outside circuit. 

Pormula. Let R = rheostat at balance; B = 
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resistance of B arm, e = e.m.f. of standard cell, 
and E, e.m.f. to be found. 
R+B 



Then 



B 



e = E, or what is the same thint^, 



R-\-B 
B 



Xe = E. 



Potentiometer Method with Willyoung Set. The 

connections for the measurement of an e.m.f. by 
the potentiometer method are shown in Fig. 80. 
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Fig. 80. 



The operation to be performed here* is the check- 
ing of a voltmeter. 

5 C is a standard cell, A one arm of the bridge, 
R the rheostat. 

A key arid shunt are in the galvanometer circuit 
and a key or switch in the power circuit. The 
latter may be a tap from a direct current main or 
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storage battery. But a few lamps or other resist- 
ance should be put in circuit to avoid danger of 
excessive current. 

The standard cell negative terminal is connected 
to C and the positive terminal to a movable plug 
which for the present is placed in the 100 ohm hole 
of the A arm. 

The outside e.m.f. is connected, positive ter- 
minal to + battery post and negative terminal to 
- battery post. R is then adjusted until needle 
remains at zero, always closing the batter}^ key 
first. 

R should be first made very large and gradually 
reduced. Unplug say 20,000 ohms and then re- 
place plugs one by one. 

On a circuit of 110 volts R will be somewhere 
near 9000 ohms. 

It will be found that at a certain point a very 
slight change in the rheostat will reverse the gal- 
vanometer deflection. 

To determine the e.m.f. of the line, which should 
be also the reading on the voltmeter if it is accurate, 
figure as follows: 

Add 100 (the resistance in the B arm) to the 
resistance needed in the rheostat for a balance and 
point off two places, that is, divide the above sum 
by 100. Multiply the result by the e.m.f. of the 
standard cell and the result is the e.m.f. of the line. 

For example, suppose 7816 is the rheostat read- 

^ AA ^U f f U rr^u 7816+100 

mg, 1.44 the e.m.f. of cell. Then -^r- = 
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79.16 and x 1.44 == 113.99 volts. The difference 
between this result and indication on voltmeter is 
the error of the latter. 

Of course if the standard cell is one volt, the 
e.m.f. would be 79.16 or the rheostat reading plus 
the B arm and divided by one hundred. 

Formula. Let E represent e.m.f. of line (or 
indication voltmeter should show), e the e.m.f. of 
standard cell, R resistance in rheostat, B resistance 
in B arm. 

Then E = — 5— xe. 



CHAPTER IX. 



Condensers. 



Charge and Discharge of Condenser. Connect a 
condenser C, battery B, galvanometer G and key 
K as in Fig. 81. 

Depress K and a deflection will be noted at G. 
This is due to the charge of the condenser. 

Release K and upon the back contacts meeting. 




Fig. 81 



a second deflection takes place at G but in the 
opposite direction. 

Again depress K so as to open the back contact 
but not close the battery circuit. Upon again re- 
leasing K a deflection will ensue but very much less 
than the previous ones. And this last operation 
being repeated, decreasing deflections will be noted. 

'35 
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If K be depressed for varying intervals of time 
and released the deflections will also vary. 

It takes a certain length of time to charge a 
condenser. Increasing the battery will reduce the 
time of charge. 

If a Kempe discharge key is used the connections 
will be practically the same. The back contact 
of the key in the figure will be the top contact in 




the Kempe key, and the front contact the lower con- 
tact of the Kempe key. 

The capacity of the condenser is measured by 
the extent of the deflection upon first short cir- 
cuiting it through the galvanometer. This is true 
when battery power and othei' conditions are 
equal. 

If the discharge of C be observed with an ap- 
propriate apparatus, it will be seen to be oscillatory 
as in Fig. 82, not steady as that of a batter;- cell. 
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A condenser does not store up electricity, the 
operation called charging merely leaves it under 
an electric strain which is relieved when it is dis- 
charged. 

It may be likened to a spiral spring which is 
suspended from one end and has a weight at the 
other end. If this spring be pulled still farther 
down, an ability to do work or a potential is given 
it. Now upon releasing the spring, it contracts, 
pulls up the weight, and then slightly expands 
again, causing the weight to jump up and down 
until the force is exhausted. 

The spring and weight have an oscillating mo- 
tion even as does the condenser discharge show an 
oscillatory character. 

A condenser offers the resistance of its insula- 
tion to a direct current, in other words will not 
allow a current of this character to pass through it. 

But the effect of an alternating current is not 
arrested by a condenser. An ordinary vibrating 
bell will not be rung by a batter}- through a con- 
denser except one tap due to charge. The alter- 
nating current of a telephone magneto will ring 
the bell with which it is equipped without trouble 
through a condenser. 

This does not show, however, that the alternating 
current actually passed through the dielectric. It 
is the inductive effect between the plates, a con- 
denser acts therefore by the induction taking place 
between its parts. 

To avoid complications of words the condenser 
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is said to retain a charge and to permit itself to 
be discharged. 

Measurement of Capacity. The capacity of a 
condenser is measured by comparing the discharge 
deflections with those obtained from the discharge 
of a condenser of known capacity. The latter is 
termed SL standard condenser. 

The operation is as follows: 

Charge standard (5) for a certain length of 
time, say one minute, then discharge it and note 
deflection (D) . 

Then replace standard by the condenser under 
test (C). -Charge and discharge under precisely 
similar conditions and note deflection (d). 

The conn^tions may be similar to Fig. 81 or the 
battery may be connected directly to the con- 
denser through the key. The galvanometer would 
not be then in circuit during charge. Or the gal- 
vanometer may be shunted or short circuited. 

The condenser under test will bear the same re- 
lation in capacity to the standard that the deflec- 
tions do to those obtained by discharging the latter. 

Formula. Or as a formula, 

5 :C : :D :d. Then C = S ~. 

Another method by the bridge is as follows: A 
standard condenser and the condenser to be 
tested are connected in a similar manner to the 
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two arms of the bridge. Each condensq^ takes 
the place of the coils in one arm. ^ 

An adjustable resistance is connected '.in the 
binding posts provided for the x or unknown re- 
sistance. 

A discharge key and batter\^ are cdnnected 
taking the place of the regular batte^ in the 
bridge. The condensers are charged and dis- 
charged, and the resistances adjusted iiwthe other 
sides of the bridge until no deflection obtains. 

At balance the two condensers are to* -each other 
in respect to capacities inversely as the two re- 
sistances are to each other. .' 

Example. Capacity of standard condenser 5 is 
.3 (three- tenths) microfarad. Resislance R on 
same side of the bridge is 1800 ohm^ Resistance 
r on side of bridge where condenser it- to be tested 
is connected, is 1200 ohms. Then 7:. 3 : : 1800. 

1200 or — T^r— - — = .45 microfarad. 

Formula. Using above letters, T: S : : R: r. 

Insulation of Condenser. A condenser can be 
tested for insulation by charging it through a 
shunted galvanometer. When fully charged the 
deflection should return to zero. 

If a deflection is shown after charging is com- 
pleted it indicates that current is passing through 
condenser. The value of this current and the re- 
sistance of the fault in the condenser are computed 
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from the galvanometer constant as in any direct 
deflection method. 

But this method does not give as close a test of 
very high insulations as the loss of charge method. 

Insulation by Loss of Charge. A condenser re- 
tains its charge (or electric strain) for a length of 
time dependent upon the perfection of its insula- 
tion. This property gives a method for deter- 
mining its insulation as well as by the usual resist- 
ance tests. 

A condenser is attached to a battery for a given 
length of time and then discharged through a gal- 
vanometer. The deflection having been noted, the 
condenser is again charged under precisely similar 
conditions and left with its terminals insulated 
for a given period of time and again discharged 
through the galvanometer. 

The two deflections being compared the loss of 
deflection in the second reading is a measure of the 
loss of charge. This loss being due to the state 
of insulation, the latter is therefore determined. 

In a good standard condenser this loss for a 
short period of time is inconsiderable. 

As cables and wires act in a similar manner to 
condensers, their insulation can also often be 
determined by the loss of charge method. 

The following figures are approximate as the 
actual substance or fluid varies somewhat. For 
purposes of comparison, however, the figures are 
sufliciently accurate. 
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TABLE IV. 
specific inductive capacity taking air as 1. 

Flint Glass , 10 

Plate Glass 7.06 

Gutta-percha 2. 62 

Mica 5 

Paraffin wax 2.31 

Pitch 1.80 

Shellac 2.59 

Sulphur 3.82 

Olive oil 3.16 

Castor oil 4. 78 

Turpentine 2.23 



CHAPTER X. 
Cable Testing. 

Cable Testing. If a resistance be shtinted across 
a condenser it will be found that no steady deflec- 
tion can be obtained until the condenser is charged. 

The effect of shunting the resistance around the 
condenser has had the practical result of adding 
capacity to the resistance. 

A few experiments with a key, battery and gal- 
vanometer will show what the effect would be of 
adding capacity to a signalling circuit. 

As the insulation in a cable acts as a condenser 
dielectric, the choice of an insulation of little ca- 
pacity is necessary (see Table IV.) 

One of the tests of a cable is to determine its 
capacity, the other two main tests are as to its 
insulation and the conductivity of the conductor 
or core. The insulation of a cable may be that 
between its core and the earth. Or in the case of 
a multiple cable having several separate cores, the 
insulation between these cores. 

Where cables are armored with iron or steel 
wire, or lead covered, the armor or lead covering 
forms one of the two connections in insulation or 
capacity tests. 

142 
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As in most cases, the cable armor or lead sheath 
is in direct contact with the earth, a connection 
may be had with the latter. But a good contact 
on the armor or sheath is preferable. 

In testing multiple cables, all the cores not being 
tested at the time should be grounded. This is 
done by twisting a bare copper wire around a bared 
end of each conductor and then to the armor or 
sheath. 

If no very delicate instruments are at hand, all 
the cores may be so connected or "bunched" 
omitting the armor connection. An insulation test 
made between the bunch and the ground will give 
the multiple insulation of all the cores. This must 
be less than that of one core as the copper surface 
to the insulation is so much increased. If a large 
deflection results, the cores may be thrown off one 
at a time, watching the deflection. Should it sud- 
denly decrease upon detaching a core from the 
bunch, trouble is evident in that core. 

In preparing core ends for attachment to the 
testing circuit, much care must be exercised. The 
insulation should be removed in a tapering form 
as one would point a lead pencil. 

Absolutely no dampness must exist on the in- 
sulation or current will be conducted from the 
copper to the sheath and destroy the value of the 
test. A good plan is to coat the cable from the 
copper under the binding posts with hot paraffin. 

In testing cables one point will be noticed, the 
deflections on an insulation test will gradually de- 
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crease. This is due to electrification of the cable. 
The insulation apparently improves. 

The deflections are generally read after one min- 
ute's electrification. 

In a multiple cable the actual resistance of each 
conductor must be worked out and then all the 
resistances added together. Dividing this by the 
number of conductors will give the average in- 
sulation of the cable. 

In speaking of insulation, the cable length must 
be specified. For instance, if a piece measuring 
1000 feet had an insulation of 1000 megohms, a 
piece only half as long would be 2000 megohms. 
Its insulation surface and therefore its leakage 
surface is only one-half. 

It is customary to reduce the result to the 
average per mile. In the foregoing example, the 
insulation would be 189 megohms per mile. 

The rule is to multiply the insulation obtained 
bv the length of the cable reduced to miles or 
parts of a mile. 

In the direct deflection method of testing cable 
to be described, the same reading should be given 
whichever terminal of the batter}'- is grounded. 
The negative terminal of the battery to the cable 
conductor shows up a fault in a cable quicker 
than the positive pole for reasons to be given later. 

The temperature at which a test of insulation 
is made is of prime importance. The insulating 
properties of gutta-percha, rubber and compounds 
of similar nature decrease very rapidly with in- 
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crease of temperature. Taking the case of gutta- 
percha at 50 degrees Fahrenheit as of unit resist- 
ance, at 60 degrees it would be less than one-half, 
at 75 degrees only one-fifth, and at 90 degrees 
onlv one-twelfth. With other insulations the de- 
crease of resistance may be even greater than this. 
It is customary to test cables at 75 degrees Fahren- 
heit or to correct the readings to that temperature. 
Tables of corrections will be found in most 
large works on testing, such as Kempe's ** Hand 
Book of Electrical Testing,'* or Hoskaier's 
" Electrical Testing of Telegraph Cables." 
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Fig. 83. 



Telephone Test of Insulation. A simple test of 
cable insulation may be made with a telephone 
receiver and battery as in Fig. 83. 

One wire makes good connection with the cable 
armor or lead covering the other wire being touched 
to the cable core. 

Upon making the first contact with the core a 
click will be heard in the telephone owing to the 
charge of the cable. 
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But if the connection be kept closed for a minute 
or so the cable will be charged. 

Subsequent tapping will: give no click if the in- 
sulation be good. The clicks are of course due to 
current leaking through the insulation. 

Cable Testing for Insulation Resistance. In Fig. 
84 B is a battery, R a reversing key, G a galvano- 
meter, 5 a shimt box, C the cable, E an earth con- 
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Fig. 84. 



nection, L sl lead from the cable core to the gal- 
vanometer connection. i<r is a short circuit key, 
that is, one which can be left closed to short cir- 
cuit and cut out the galvanometer and also be 
opened to cut in the galvanometer. 

Before connecting L to the cable, test the insu- 
lation of L. Connect one end as in the fisfure to 
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the contact of K, depress one button of R and 
open K, using a shunt according to the sensibility 
of G and strength of B. 

No deflection should appear. 

If any deflection deduct it later from readings 
in testing cable. 

Close short circuit key K\ connect other end of 
L to cable and open K. Any deflection of G will 
be due to earth currents. 

If the deflections so obtained are in the directions 
of deflection when battery is used, deduct same 
from cable readings, if in the reverse direction, add 
them. 

Shunt G with say —^ shunt, closing K and 

press one button oi R. As long as K is closed the 
current all goes into the cable in a similar manner 
to charging a condenser. After ten seconds, open 
K, keeping R still down and a deflection of G will 
ensue. 

If off the scale use a higher shunt or reduce bat- 
tery and repeat charge of cable. 

If too small, use lower shunts or increase battery. 

Repeat the latter test several times, allowing 
cable to charge for one minute, noting readings. 
Then repeat as many more times, but depress other 
button of /?, reversing battery and deflection. 

The values of these readings may be worked out 
from the galvanometer constant and an average 
taken to represent the insulation of the cable. 



148 



ELECTRICAL INSTRUMENTS. 



The foregoing cannot necessarily cover every 
minor point, but the main operations are given. 

To sum up: First, obtain the constant of the 
galvanometer; this operation was described else- 
where. Second, test insulation of the leads. 
Third, test for earth currents. Fourth, charge 
cable. Fifth, cut in galvanometer and shunt. 
Sixth, reverse battery and repeat fifth. Seventh, 
strike average of readings. 




Fig. 85. 



Principle allowances to be made are for: shunt, 
battery, insulation of leads and earth currents. 

A slightly different connection for the above test 
is shown in Fig. 85. 

The cable is connected to the reversing key R, 
and a commutator C permits of reversing the bat- 
tery connections, putting either terminal to ground. 
Or the battery can be cut out entirely and the 
cable tested for earth currents by directly ground- 
ing the connection between R and C 
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Testing Ground Connection. Connect positive 
terminal of battery to ground and negative ter- 
minal through shunted galvanometer to ground. 

Shunt should be so adjusted that deflection is 
not off the scale. If necessary put resistance in 
series with galvanometer. Next short circuit 
ground connection by connecting positive wire to 
ground wire on galvanometer. 

The deflections in each case will show the state 
of ground connection. The better it is the less 
difference there willbe between the two deflections. 

Cable Insulation with the Willyoung Set K. The 

general scheme of this test is in Fig. 87. 

The cable is normally grounded by its sheathing or 
armor and one terminal of the battery is grounded. 

The constant of the galvanometer is first calcu- 
lated by setting the Bridge as in Fig. 86. One cell 

of battery is used and the shunt arm is on j^-^. 

Adjust the rheostat until a deflection of say 10 
degrees is obtained. 

Multiply the resistance unplugged by the deflec- 
tions and the multiplying power of the shunt. 

In this example let the rheostat be 1800, then 
1800x10x100 = 1,800,000 6hms. This is the re- 
sistance through which the galvanometer is de- 
flected one degree by one cell of battery. 
.The cable is now connected in as in Fig. 87, to 
I),, and a ground connection made ffgm Gr at, the 
lower left hand side of the case. .. - 
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Close the battery key for 10 seconds and then 
close the galvanometer key, the deflections being 




The battery has been increased to six cells, 
therefore the constant is to be multiplied by 6 
and divided by the deflection obtained. 
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Owing to condenser action of the cable there 
will be a rush of current into, the cable at first. 
It will be well to shiint the galvanometer by the 

--j-zr shunt until the charge of the cable is com- 

pleted. 

By using larger battery increased resistances 
may be measured. 

Cable Testing by Loss of Charge. In testing the 
insulation of cable by the loss of charge method, 
the cable is charged and discharged, its capacity 
being compared with that of a standard condenser. 

The cable is then charged for one minute and 
disconnected with its terminal free in the ain This 
is done by using a key similar to the Kempe dis- 
charge key before described. 

At the end of one- minute, the cable is discharged 
and the reading noted. Comparison of several 
such readings show the ability of a cable to retain 
a charge, /.^., its insulation. 

Formula. Let D be the deflection upon in- 
stantly discharging the cable, c? that after one min- 
ute. Then the percentage of loss of charge will be 

In many cases where delicate apparatus is not 
at hand the loss of charge method can be used for 
approximate results. 
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The writer has tested multiple conductor sub- 
marine mine cables in New York Harbor with a 
few cells of dry battery and the galvanometer in 
a portable testing set. 

When the direct deflection method failed owing 
to want of sensibility in the galvanometer, the 
difference of deflection made after charge, insulate 
and discharge gave results. 

Capacity Tests. The capacity test of a cable is 
similar to" that described in testing condensers. 

A standard condenser is charged and discharged 
and the galvanometer deflections noted. The cable 
is then substituted for the standard condenser and 
the deflections noted. Comparison of the two re- 
sults gives a comparison of the capacity of each. 

The calculations are made as in condenser tests. 

Conductivity Tests. The conductivity of a cable 
conductor may be measured with a Wheatstone 
Bridge as in any similar test for conductivity or 
resistance. 

When both ends are available they are connected 
to the bridge in the usual manner. 

If only one end is at hand it is often possible to 
use a second conductor of the same cable, looping 
the two together at the distant end. The resist- 
ance of one will be then one-half the reading. ii both 
are similar in diameter, material and length. 

If a ground connection becomes necessary it 
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must be made with the greatest care that it inter- 
poses no undue resistance. 

Locating Faults in Cable. If the grounded fault 
were of practically zero resistance and the ground 
connection between the fault and the battery also 
of zero resistance, the location of a fault would be 
easy. 

It would then only be necessary to measure the 
resistance of the cable core up to the fault from 
both ends of the cable. As the core is of uniform 
resistance, the two results would be in the same 
ratio as the lengths of the cable. 

For example, let the total length of the cable 
be 10,000 feet and its total resistance 21 ohms. 
Measuring from one end A the resistance to the 
fault is 14 ohms. From the other end B, the re- 

2 

sistance is 7 ohms. Then as 14 is — of 21, the 

2 

fault would be — of the total length of the cable 

from A . Or 6666 feet from A and 3333 feet from 
B, neglecting fractions. 

But ground connections or faults rarely fulfil 
the above condition, in fact they usually vary from 
time to time. It becomes necessary to use a test 
such as the Varley or Murray, which disregard the 
resistance of ^ the- fault. 

A method of locating a fault as in Fig. 88 may 
be adopted in certain cases. 

A good cable and the faulty one are looped at 
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the distant end D. The resistance of the loop A B 
is then measured by the Bridge method. One x 
terminal of a Bridge being grounded, the other 
terminal is applied to A and the resistance i4 F is 
measured, and similarly the resistance B F, It is 
evident that both A F and B F include the resist- 
ance of the fault to earth. 

The resistances A F and B F being added to- 
gether, subtracting the resistance oi A B will leave 
twice the resistance of F to earth. Twice the re- 
sistance because it has been added in both A F 
and B F. 



A-i: 



B-c 



^>^ 



Fig. 88. 

If now the resistance of F be subtracted from 
J5 F it will give the resistance of B to F. Knowing 
the resistance of the cable per foot the distance 
can be determined. 

Example. — Let AB measure 22 ohms; AF 
equal 26 ohms, and B F 16 ohms. Then 26+16 
= 42, and less 22 = 20 ohms. One-half this, or 
10 ohms, is the resistance of the fault to ground. 
The resistance of 5 F or 16 ohms less 10 = 6 ohms. 

If the cable condut:tor resistance were 11 ohms 

6 • ' 
per mile, the fault would be — of a mile from B, 

or 2880 feet. 
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To properly iinderstand the Varley and Murray 
tests consider a Wheats tone Bridge the arms of 
which are equal. The rheostat is replaced by a 
length of cable and the unknown resistance^is also 
replaced by a length of cable, both being similar 
in resistance per foot. ^ 

If both lengths are the same, their resistances 
are the same, the Bridge balances and no deflec- 
tion takes place. ^^ 

' Now shorten one length and add resistance R 
in' series' with it until the Bridge again balances, 




Fig. 89. 



Fig. 89. The added resistance equals that of thjC 
piece cut off. 

Jf the resistance per foot is known, the length 
of the shorter piece can be easily calculated. 

Instead of connecting in the battery by a wire 
^s shown, use earth connections at each point. 

The only result will be to interpose a resistance 
in the battery circuit! It will not affect the bal- 
ance but only reduce the effective power of the 
battely. This may be overcome by enlarging tWe 
battery. lo 
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Before making the test the copper core resist- 
iance of the loop between M N must be known 
either by calculation or measurement. 

The latter is known as the Varley test,, a more 
complete description is as follows: 

The Varley Test. In this test for a fault or 
earth connection the Bridge is connected as in Fig. 
90. The battery is grounded and its circuit is 
completed by the ground at the fault F. The faulty 




Fig. 90. 



cable is looped or connected at its distant end D 
with a good cable. 

To obtain a balance it is clear that the rheostat 
r must be adjusted until its resistance added to 
that of the cable core between M and F together 
equal the resistance of the core from F to N. 

It is also clear that the resistance of the ground 
at F only reduces the energy of the battery current. 

The test is therefore independent of the amount 
of core exposed to the ground at F. 
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Fotinula. Using the letters in Fig. 90, let z be 
the resistance of cable from F to M, Y that of the 
cable from F to N, R the resistance of the entire 
cable loop, F the resistance of the fault, r the re- 
sistance of the rheostat when galvanometer is bal- 
anced. 

Then y -f = i?, and Y + F = r + z + F 
or y = r+z, 

Z then equals — ^r— . 



The distance x of the fault from M is 
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Fig. 91, 



The Murray Test. This is somewhat similar to 
the Varley test but one arm of the Bridge is made 
adjustable. One regular Bridge arm is used, the 
other being replaced by the rheostat giving an 
arm of large adjustment. 

The circuit is given in Fig. 91. J5 is one Bridge 
arm, R the rheostat now the second Bridge arm, 
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Z the faulty cable between M and the fault F, Y 
the remainder of the faulty cable and also the good 
cable in the loop. ■ 

The rheostat is adjusted until there is no deflec- 
tion. From a previous discussion of the Bridge 
this will be seen to occur when the resistance R 
bears the same proportion to F as 5 does to Z. 
OtR.Y : :B :Z. 

Suppose for example only the total length of the 
loop from M to N is 400 feet. Its resistance is 
40 ohms. A fault occurs at a distance from M 
to be determined. 

Arm B is 100 ohms. R is adjusted and on bal- 
ance reads 300 ohms. R is therefore three times 
B. 

Y must bear the same proport&n to R that B 
does to Z ; here Y must be three times Z. 

As Y and Z added together equal the whole re- 

3 1 

sistance of the cable, Y will be —r and Z -r oi 

4 4 

this resistance (or length). 

Y therefore equals 30 ohms, and Z 10 ohms. 

3 
Or if the length is required, F is — , that is, 300 

feet, and Z -7- or 100 feet. 

4 

Rule. To obtain the length of Z by means of a 
rale for calculation. The resistance B is to be 
divided by B added to R and the result multiplied 
by t \e length of the cable loop or L. 
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Same example, ^^^ . onr. X ^^0 or —- x 400 = 

lUU 4- oKju 4 

100 feet. 

Formula. R :Y : : B :Z, or -y = y-« 

Z-{-Y = L, then Z = L- Y, 
X or distance of F from M = 



5 + /^ 



X L. 



Murray Test with Aone Set. The layout of the 
Willyoung testing set for the Murray test is in 
Fig. 92. 

Formula. Let r be resistance of loop, Y be 
distance of fault from D, A resistance unplugged 
in Bridge arm ^4, R resistance unplugged in rheo- 
stat. 



A + R r ' A + K' 

In fault testing the negative pole of the battery 
is preferably connected to the cable. If the posi- 
tive pole be applied and there be a bared spot in 
the insulation, this bared spot will be acted on by 
the current, and apparently improved, but the 
chloride of copper formed is at the expense of the 
copper core. 

Locating Fault by Unreeling Cable. In this 
method two insulated reels are used, or an insulated 
tank, a galvanometer, battery, etc. 
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One end of the cable conductor is connected to a 
galvanometer the second terminal of the latter 
being grounded through a battery. 

The cable is wound from one reel to the other, 
the slack passing through the water in the tank. 
As soon as a fault reaches the water, the galvano- 
meter will be deflected by the current flowing 
through the circtiit including galvanometer, bat- 
tery, ground fault and cable. 

If an insulated tank i<2 used, the ground connec- 
tion of battery and galvanomeiter is made to the 
water in it. 



CHAPTER XI. 
Testing With Voltmeter. 

Testing with Voltmeter. The adaptability of a 
good portable voltmeter to everyday testing is 
surprising to those who have not studied it. 

There are few tests outside of high resistance 
tests in cable insulation work that cannot be per- 
formed. And even the latter are possible with a 
sufficiently low reading voltmeter and a large bat- 
tery. 

A voltmeter will do everything that a galvano- 
meter of the same sensibility will, and a great deal 
more. 

The most useful instrument would be a double 
scale portable having one total scale reading one 
hundredth that of the other. This together with 50 
cells of small but good dry battery and a few stan- 
dard resistance coils would make a testing set of 
vast utility. 

Testing Resistance with Voltmeter. In Fig. 93 
is shown the direct deflection method of testing 
resistance R with a voltmeter V. 5 is a switch 
and B a battery. 
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The e.m.f. of S is first noted by moving the 
switch arm to the left. The arm is then moved to 
the right, and the e.m.f. through R noted. The 
first deflection showed the deflection of V catised 
by the battery B through the resistance of V, The 
second deflection was through the resistances of 
R and F. If V was 10,000 ohms and the first de- 
flection 10 degrees, only one degree of deflection 
would be obtained through ten times 10,000 or 
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Fig. 93. 



100,000 ohms, which latter is the constant for V. 
Let the second deflection be 5 degrees. The re- 
sistance of R is therefore ^ or 20,000 ohms, 

5 

but the resistance of V must be deducted. 
20,000- 10,000 = 10,000 ohms as the resistance of 
R. 

The constant for the voltmeter may be calcu- 
lated as above, or a formula may be used for the 
entire calculation. 
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Formula. In the formula let V be the first de- 
flection, Vi the second deflection, and r be the re- 
sistance of the voltmeter, 

V xr 
Then — r^ r = Jt: or the resistance of R. 

For measuring low resistances a low reading 
voltmeter or a millivoltmeter is preferable if a bat- 
tery or low e.m.f. be used. 

In many cases the current in a power circmt 
may be used instead of an extra battery. 




Fig. 94. 



Insulation of Generator with Voltmeter. In test- 
ing the insulation of a generator in operation, con- 
nection is made as in Fig. 94 where V is the volt- 
meter, S the shaft or part of the framework, and 
B B the brushes. 

The generator furnishes its own testing current. 
The e.m.f. across B B is first noted, then the e.mf.. 
from jB to 5 and the last formula applied. 
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Care must be taken that the voltmeter is not 
affected by the generator and that ajl connections 
and contacts are good. 

Insulation Resistance of Armature. A test of 
the insulation resistance of the entire armature 
may be made with the armatui:^* removed or dis- 
connected from the fields. 

A bare copper wire is wound tightly around the 
commutator so as to touch all segments. The 
testing circuit is between the shaft and this copper 
wire. This will give the combined leakage paths 
between all coils and segments to the frame. 

The copper wire ensures a better contact with 
all segments. Where the armature coils are in 
series with each other and tapped to the com- 
mutator, no lower insulation will be noted than 
between one segment and the shaft. That is, pro- 
viding all armature coil connections are good. The 
voltmeter should be in circuit with a tap from the 
mains as in the test for insulation when generator 
is running. 

If the armature is in its place and all field and 
brush connections complete, the test will show the 
entire insulation of the machine. Brushes must 
in the latter case rest on the commutator. 

Testing Electric Light Wiring. A short ipif cuit 
on an electric light system generally indicates itself. 
Oa the other hand, it may be desired to test the 
mains for such before cutting in the dynamos. 



TESTING WITH VOLTMETER. 167 

Testing an extensive system of wiring for short 
circtiits from a main switchboard is a difficult task 
without having an idea of the lamps, etc., connected 
to it. 

If there were 1000 lamps in multiple between 
the leads, the resistance might be as low as one- 
fifth of an ohm. 

Such a low resistance between two leads would 
be a veritable short circtiit if it was due to defective 
insulation. If it is practicable to turn off all 
lamps first, the^matter does not then present much 
difficulty. 

A simple test on a circuit of say 110 volts would 
be to use an incandescent lamp of the same volt- 
age. 

This lamp would be connected between one side 
of the main being tested and a source of e.m.f., 
perhaps a dynamo. A wire is run from the other 
side of the circuit to the other terminal of the 
dynamo. A short circuit on the main would 
cause the lamp to light up. Of course the dynamo 
is to be disconnected from the main by its switch. 

If a voltmeter be used instead of the lamp, the 
actual resistance is determined by simple calcula- 
tion. 

The e.m.f. of the dynamo is to be multiplied 
by the resistance of the voltmeter and the result 
divided by the e.m.f. observed when in series with 
the circuit being tested. Deducting the resistance 
of the voltmeter the answer is the actual resistance 
between the two sides of the main. 
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In either method, the actual location of the 
trouble is assisted by opening the branch circuit 
:switches on the board one at a time. When the 
faulty circuit is reached upon opening its switch, 
the lamp goes out or the voltmeter reading de- 
creases. 

The practice of connecting pilot lamps across 
the circuit at motors and other appgiratus is liable 
to cause perplexity. 

A magneto bell would ring easily through one 
lamp. It would be troublesome to measure low 
resistances such as. one lamp on the voltmeter, as 
the change of deflection would be slight. The 
lamp test would therefore be preferable for a short 
circtiit. 

A short circuit in a branch leading from a cut 
out may be hunted for after replacing one of the 
fuses by a lamp. The lamp will bum until the 
short circuit is removed. A lamp twisted loose 
from its base, or a faulty socket is best found by 
this method. 

If the circuit be cut between the fault and the 
cut-out, the test lamp in the cut-out will cease to 
bum. 

Measuring Switchboard or Line Insulation. This 
method has been before described in the direct 
deflection tests, except that here one terminal of 
the voltmeter is grounded. 

A brief summary of the test between a switch- 
board bus and the ground will be given. 
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Take reading of total ean.f. of circuit. 

Take reading between btis and a grotind con- 
nection. 

Multiply resistance of voltmeter by e.m.f. of 
circuit, divide result by e.m.f. of bus to ground, 
and deduct resistance of voltmeter. 

Answer will be ohms to groimd of opposite bus 
to one used in calculation. 

Should both sides of the circuit be grounded the 
calculations become vastly more complicated. 

When testing one side, the voltmeter will be in 
multiple with the fault from the side to which it 
is connected, and vice versa. 

And the two ground connections will form a con- 
nection between the mains of a resistance equal 
to the resistance of each groimd added together. 

If it were possible to disconnect one main from 
all connection with the other main, the test would 
be simple. The insulation to ground of each main 
would be ascertained while the other main was 
disconnected. But this is not often practicable. 

Another method would be to disconnect both 
main wires from the bus-bars or from the current 
source, strap them together with a piece of bare 
copper wire, and measure the insulation to ground 
as if they were one wire. 

This would give the joint insulation-resistance 
of the main to ground which after all is what is 
needed most in practice. 

Formula. Let V equal e.m.f. of circuit, Fj e.m.f. 
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between main to ground, R resistance of insulation 
to be ascertained, r resistance of voltmeter. 

In using the voltmeter for measuring resistances 
there is another method of working which gives 
the same result. 

First deduct the second reading on voltmeter 
from the first reading. Then divide this result by 
the second reading and multiply by resistance of 
the voltmeter. 

Example. Let e.m.f. of testing circuit or that 
between mains be 110 volts, resistance of volt- 
meter 15,000 ohms, reading through resistance 
ground, etc., be 10 volts. Then 110-10 = 100, 

^ X 15,000 = 150,000 ohms. 

Working this by the first method,* — . 

= 165,000, deduct 15,000 = 150,000 ohms as before. 

The chief advantage of the first method is that 
a constant can be figured for the particular in- 
strument at a given voltage as described below. 

The formula will be for the second method. 
Let V be e.m.f. or circuit, F^ e.m.f. through re- 
sistance, r resistance, of -voltmeter then 

— — X r = X 
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TABLE V. 
Insulation Resistance. 



Vl or Voltage 


V or Voltage of 


V or Voltage of 


through Unknown 


Circuit - HO 


Ofttuit - 110 


Resistance. 


r or Resistance of 


r or Resistance of 




Voltmeter = 16,500 


Vc^imeter - 17,000. 


I 


1.708.500 


1.853.000 


2 


891.000 


918.000 


3 


588.500 


606.333 


4 


432.750 


450.500 


5 


346.500 


357,000 


10 


165.C00 


170.000 


20 


74.250 


76.500 


30 


44.000 


45.333 


40 


28.875 


29.750 


50 


19.800 


20.400 


100 


1.650 , 


1,700 


110 









Resistance Table for Voltmeter Tests. Table V. 
is computed for ready reference in insulation or 
resistance tests with a Weston voltmeter or other 
instrument of high resisf^nce. 

The first column giWes the reading through the 
resistance, the second and third columns the actual 
resistance of the insulation. 

Both the latter columns are figured for a line 
e.m.f. of 110 volts and for an instrument ^resistance 
of 16,500 and 17,000 ohms respectively. 

Where a number of readings have to be made it 
is handy to figure a constant, that is, multiply the 
resistance of the voltmeter by the e.m.f. of the 
circuit. 

The result or constant then can be used by sim- 
ply dividing it by the e.m.f. read with insulation 
in series and subtracting the resistance of the volt- 
meter. 
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Resistance of Voltmeter. This may be deter- 
mined by one of the tests given to find resistance 
of a galvanometer. The one-half deflection is 
perhaps the simplest. 

Connect voltmeter to a steady e.m.f. and read 
deflection. 

Then add resistance in series with voltmeter 
imtil deflection is reduced to one-half. The added 
resistance will equal resistance of voltmeter. 

This is clearly so because the one-half deflection 
is due to one-half current, and one-half current 
is due to doubling the resistance of voltmeter. 
In order to double the voltmeter resistance a re- 
sistance has been added which is equal to it. 

Formula. Let V represent first deflection, F, 
the one-half deflection, R resistance of voltmeter, 
r resistance added. 

Then Vi = Y ^^^^ r == R. 

Testing e.m.f. around Armature. There are two 
methods of testing the distribution of e.m.f. around 
the armature and determining the equality of the 
magnetic field. 

One is as shown in Fig. 95. H is an insulating 
handle carrying two carbon brushes A B from 
which run wires C D for the voltmeter connection. 

A B are set just far enough to span the insula- 
tion between two commutator segments. 

By making contact on the commutator and 
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gradually moving H in the direction of rotation, 
the e.m.f. is tested at different points in the SLTma" 
ture tinder the influence of various parts of the field. 



e 




Fig. 95. 





Fig. 96. 

These e.m.fs. being plotted on a chart give a 
graphic record of the distribution of field flux. 

Another method is Fig. 96, where one movable 
brush is used, the other voltmeter connection 
being on one of the regular working brushes. 
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This shows a gradual rise or fall of e.m.f. until 
the total e.m.f. of the generator is reached, but 
not so readily the actual e.m.f. of any one coil at 
a time. 

Measuring Drop across a Lamp. To measure the 
drop or voltage expended in a lamp while burning 
the connections should be as in Fig. 97. L is the 
lamp, V the voltmeter and an ammeter A is shown 




Fig. 97. 

so that the current consumption can also be fig- 
ured. The ammeter also is necessary if the resist- 
ance of L is to be determined. 

The drop across L will be directly indicated by 
V. The current shown by A multiplied by the 
e.m.f. at L will give the watts expended in L. 



Lamp Current Efficiency Test with Voltmeter. 

The amount of current taken by an incandescent 
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lamp on a given voltage depends upon the resist- 
ance of its filament. 

Comparison of the hot resistance of one lamp 
with^ that of a standard. lamp will therefore show 
the current efficiency of the first lamp. 

If a low reading ammeter be available the cur- 
rent measurement may be made direct. But such 
an ammeter is not always at hand. 

The drop across each lamp is to be measured 
with the voltmeter as in Fig. 97. 

The e.m.f. indicated in each case will be propor-- 
tional to the resistance of the lamp. And the cur- 
rent consumption will be in proportion to the re- 
sistance of each. The higher the e.m.f. across the 
lamp terminals, the higher will be its resistance 
and the lower its current consumption. 

The e.m.f. of the testing circuit must be the 
same in both operations. 

This test does not show the true efficiency of 
the lamp as no data is obtained of the relative 
candle powers. 

And the resistance of L can be computed by 
dividing the current reading of A by the e.m.f. 



reading of V or R = \-r)' 



Suppose V reads 100 volts and A .5 ampere. 
Then 100 X. 5 = 50 watts, and 100 -i- .5 = 200 
ohms. 

Testing a High Voltage with a Low Reading Volt- 
meter. This is accomplished by the fall of poten- 
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tial method. Suppose it is desired to measure the 
e.m.f. across a circuit of about 550 volts with a 
voltmeter reading to 150 volts. 

Connect five 110 volt lamps L in series across 
the circuit, Fig. 98. 

Then measure the e.m.f. between A B, B C, C D, 
D E and E F and the sum of these e.m.fs. will 
equal that between A F. 

Care must be taken that the connections of the 
voltmeter are made so as to include all parts of 
the circuit in turn. For instance, when shifting 
fi^om A B to B C, the terminal from A must be 



B .'c :d 

Fig. 98. 



»F 



placed exactly at B where the other terminal of 
the voltmeter was. Or part of the e.m.f. in the 
wire or connection may be unmeasured, if this be 
neglected. 

The lamps must all be kept burning during this 
test, or the voltmeter may be injured. 

Temperature and Resistance. In testing coils of 
wire with their normal current flowing it will be 
found that the resistance will gradually increase, 
due to the current flowing in them. This increase 
is about .004 ohm per degree Centigrade for each 
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ohm of the coil (see Table VI). This is of very 
great importance in generator and motor tests. 
It would reduce the e.m.f. of a shunt generator 
owing to decreased field current. And it would 
speed up a shunt motor by reason of decreased 
field and decreased counter e.m.f. 



TABLE VI. 

Table Showing Increase in Resistance of Pure Copper Wire for Rise of 

Temperature above a Given Point. 





Increase in 




Increase in 


Centigrade 


ohms per ohm 


Centigrade 


ohms per ohm 


1 


.00389 


21 


.08169 


2 


.00778 


22 


.08^^8 


3 


.01167 


23 


.08947 


4 


.01556 


24 


.09338 


5 


.01945 


25 


.09725 


6 


.02334 


26 


. 10102 


7 


.02723 


27 


. 10503 


8 


.03112 


28 


. 10894 


9 


.03501 


29 


.11281 


10 


.03890 


30 


.11680 


11 


.04279 


31 


. 12059 


12 


.04669 


32 


. 12450 


13 


.05051 


33 


. 12837 


14 


.05447 


34 


. 13226 


15 


.05835 


35 


. 13615 


16 


.06225 


36 


. 14061 


17 


.06613 


37 


. .14593 


18 


.07030 


38 


.14782 


19 


.07391 


39 


.15171 


.20 


.07780 


40 


. 15575 



This table is computed from an average between five authorities, 
The increase in ohms per ohm shows the fraction of an ohm which a wire 
one ohm in resistance would increase ii its temperature were raised as 
per column of temperature. The coefficient .00389 is used but for 
ready calculation; .004 is used in the formulas, there is no absolute 
standard. To reduce Centigrade to Fahrenheit, multiply by 9. divide 
by 5, and add 32 to result. 
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All tests of generator and motor should record 
the temperature both of the air and machine. 

The thermometer used for the air test should 
lie a few feet from the end of the shaft so as not 
to be influenced by air currents from a revolving 
armature. 

And of course it should not be near any hot 
pipes or engine cylinders. 

Temperature tests of field coils and armatures 
may be made with a thermometer laid on the part 
tmder test and covered with cotton waste. But 
stich testr do not show heat inside the coils and 
are tmreliable. A more reliable method is by tak- 
ing advantage of the rise of resistance in the coil 
due to temperature rise. 

The resistance of the coil cold may be measured 
and recorded. Its resistance is then measured 
from time to time and the temperature calculated. 

For example, let the cold resistance of a shunt 
field coil be 120 ohms. One-half hour later it is 
135 ohms. 

This is a rise of 15 ohms, as it is the rise on 120 

ohms, the temperature will be —rp- — r — -^ 004 

^ 120 ohms 

or 32° C. 

A simple way to find the temperature rise is to 
divide the difference between the cold resistance 
and the hot resistance by the total resistance cold. 
Then find the nearest figure in the resistance col- 
umn of Table VI. Against this will be the tem- 
perature. In this example 
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15 

135-120=15,Y2Q= 125. In Table nearest is 

.124 or 32° C. 

A third method is divide the difference between 
the two resistances by the cold resistance and mul- 
tiply by a constant 252 for the Centigrade rise. 

Same example. .125x252 = 32. 

The temperature test by resistance shows the 
average temperature of the coils. 

For test of the temperature at specific points, a 
special device may be prepared. 

A strip of mica about two inches square is wound 
with 200 turns of No. 36 silk covered copper wire. 

The strip is then fixed to a convenient handle 
if desired. This coil may be inserted in crevices 
between the coils of the armature, etc., its resist- 
ance being measured from time to time will give 
the temperature by computation as before. 

Formula. Let R be the cold resistance, H be 
the hot resistance, / C the temperature in Centi- 
grade de|;rees, / F the temperature in Fahrenheit 
degrees. 

Then / C = ^J^ X 252. . 
And / F = ^^ X 423. 

Testing for a Break in a Coil. Testing for a 
break in a field coil of a dynamo or motor may be 
done by simply connecting a bell and battery in 
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series with the coil, Fig. 99, and trying if the bell 

rings. If it rings the circuit of course is complete. 

But some field coils are of high resistance in' 

which case a voltmeter, Fig. 100, is substituted for 




Fig. 99. 



the bell. A lead may be taken from an electric 
Hght circuit to replace the battery. And if no 
definite readings are desired an incandescent lamp 
may replace the voltmeter. . 




But the voltmeter method will show the extent 
of any fault in the circuit or the resistance of the 
latter. The resistance is calculated from the de- 
flections by the method given elsewhere. 
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Testing the Resistance of Coils. If a ^number of 
coils are to be compared, as in a motor or dynamo, 
they may be tested without disconnecting them 
other than from the brushes, Fig. 101. 

Pass current through the coils as they are in 
series, using a rheostat R if necessary, a bank of 
lamps will answer. 

Measure the e.m.f. across the terminals of each 
coil, AB, CD, EF and GH, and compare the 
readings; they should all be equal. If not, the 




Fig. 101. 



low reading coils are short circuited unless the high 
Reading coils are faulty or open. 

The actual resistance of each coil can be computed 
if an ammeter A M he put in series to give the 
current value. 

By ohms law the resistance will equal the e.m.f. 

E 
divided by the current or R = -j-- For example, 
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if the readings show one ampere and 15 volts, the 

15 
resistance will be — or 15 ohms. 



Testing Armature Coils. Armature coils being 
of low resistance can best be tested by the fall of 
potential method. 

Current from an electric light circuit is passed 
through a nimiber of coils by connecting the leads 
to segments situated some distance apart. The 
exact distance will depend upon the instruments 
available whether low or high reading. The e.m.f. 
is then read between segments or from one segment 
to the others in succession. 

A rheostat or lamp bank should be inserted in 
series with the current leads. 

If the e.m.f. between segments is uniform the 
coils and connections are good. 

If a jump occurs at a segment, the voltmeter 
needle moving a greater distance than usual, a 
poor connection is probably the cause. 

Testing Armature Resistance. The connections 
for this test are in Fig. 102. 5 is a switch connected 
to a source of current. A an ammeter, V a milli- 
voltmeter, L one or more incandescent lamps for 
resistance purposes to control testing current. 
Field wires of a shunt machine are disconnected. 
Current from 5 passes through the armature coils, 
ammeter, and resistance lamps. 
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The connections may be made with copper wire 
making good contact on commutator segments by 
inserting them under brushes B B oi opposite 
polarity. 

The armature is stationary during this test. 

The contact must be good, a strip of copper sheet 
laid flat on the segments is better than a mere wire. 
The copper strips should be held firmly down on 
the segments. 




Fig. 102. 



Readings are taken of the e.m.f. between the 
segments to which the connections of the current 
circuit are made. 

Readings are also taken of the current indicated 
by the ammeter. 

Then by ohms law, the resistance equals the 
e.m.f. divided by the current. 

For example, let the current / be one ampere, 
the e.m.f. one-tenth of one volt, then one-tenth 
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divided by one equals one-tenth, or one-tenth of 
an ohm. 

If the armature resistance is so low that a very 
small reading is given on the miHivoltmeter, in- 
crease the current flow by adding more lamps in 
multiple. 

Thf importance of good voltmeter contact at 
the commutator segments will be seen if & number 
of tests are made. Improve the contact in each 
case imtil no increase of deflection is noted on 




Fig. 103. 



voltmeter. The larger the current through the 
coils the easier the test, 

A form of test where an ammeter and battery 
are used is given in Fig. 103. 

The milammeter A is adjusted by means of a 
shunt 5 to give a large deflection when the ter- 
minal leads are short circuited. Its leads are then 
touched on adjacent segments of the commutator. 

The deflections as compared with one another 
give the comparisons of coil resistance. 
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• If a coil is open or a connection broken, the 
ammeter will indicate low reading when spanning 
its segments. 

If one coil is partly open, the high resistanc^^ 



N/' 



at the fault will give a low reading on the ammetefjt 

If a coil is short circuited, the deflection will Ije 
greater than that across a good coil. It wittJoe 
equal of course to the deflection obtained by ^uch- 
ing the ammeter leads "together. 






BC 




D 
X 






V 



Fig. 



jf 



Voltmeter Test of Current in Circuit. It is often 
desired to know the current flowing in a lead 
when it is impracticable to cut the lead and insert 
an ammeter. 

A very close approximation may be made with 
a low reading voltmeter by measuring the drop 
along a part of the wire. 

The voltmeter is connected between two bared 
points on the cable as in Fig. 104. The resistance 
of the cable between these points is read from a 
table of copper wire resistance. The connections 
must be made with care and the leads to the in- 
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strument be large enough to interpose no appre- 
ciable resistance. 

Take the case of a cable No. B. & S. The 
resistance per thousand feet is .096 ohm. 

The low reading or millivoltmeter is connected 
across ten feet and a reading observed of 14.4 
hundredths of a volt. 

As the resistance of ten feet is .00096 ohm, by 

144 
ohms law = -Trjrjr—r, = 1«'>0 amperes. 

.00096 ^ 

This low reading is perfectly possibly on the 
double scale instruments mentioned at the begin- 
ning of this chapter. 

Another method would be to measure the e.m.f . 
across the line at two points. The first would be 
nearest to the generator or switchboard, the sec- 
ond at the point where the cable branched off to 
smaller wires. 

The difference between the two readings would 
be due to the loss in the line and the loss beyond 
the point of second reading. 

The .OSS in the line divided by the computed 
resistance of the line would give the current flowing. 

The line resistance is of course its length multi- 
plied by its resistance per thousand feet. The 
actual length of wire is to be used, tiat is twice 
the distance between the two points. 

Example. Cable 250 feet between points, in 
all 500 feet No. B. & S. Resistance .048 ohm. 
E.m.f. at first point 115 volts at second point, 110 
volts; loss in line thus 5 volts. 
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E 5 5 

■p" ^ "?^7q °^ neglecting fraction -^ = 100 am- 

peres. 

The readings mxist be made as near simtdtane- 
ously as possible, two adjusted voltmeters will be 
preferable although not absolutely necessary. 

Corrections in Resistance by '' Drop " Methods. 

If great accuracy is desired the drop through the 
voltmeter may be allowed for. The current in 
the voltmeter will be found by dividing the e.m.f. 
indicated by the voltmeter resistance. This cur- 
rent is to be deducted from the ammeter readings. 

In armatures where the coils are in series but 
tapped off at commutator segments, the path 
through the armature coils will be double between 
brushes. One path is through coils on top section 
and another path through bottom section coils. 

If a coil were open in its windings, current would 
still flow to the testing instruments by the second 
path. But a jtunp of the needle would be shown 
on the voltmeter when spanning the break. 

. If a connection between coil and segment were 
broken, the ammeter would not show any less 
current except at the instant when the faulty seg- 
ment was under the brush or connection. 

Plotting Curves. A graphical method of record- 
ing tests is by plotting curves on sectional paper. 
In Fig. 105 are shown the readings of e.m.f. 
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taken half way around the commutator of a bipolar 
generator. 

The figures at the left hand side of the chart 
are the voltage readings. The figures along the 
bottom of the chart represent the segment nimiber. 

The readings along the horizontal lines are the 
abscissse, those up the perpendicular lines, the 
ordinates. 
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In making such a chart, the figures representing 
the voltage and segment numbers are first marked. 

Then as a reading is taken a dot is made at the 
intersection of the lines representing the e.m.f. 
and the segment. When the total number of 
readings is made, the dots are connected by a line 
running through them. 
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For example, the first reading between brush and 
segment 4 is 5 volts, a dot is made on the vertical 
line corresponding to No. 4 segment, and at the 
point where a horizontal line from 5 volts would 
cut it. 

A second reading of 10 volts on segment 5 is 
similarly marked, and another 15 volts at segment 
6, and so on. 

If the divisions represented by the abscissae and 
ordinates are not close enough, computation may 
be made with a pair of dividers. But cross section 
paper for such charts is made with 8 and 10 
divisions per inch. 
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Abscissae 188 

Allowances in cable- tests 148 

Ammeter 39 

checking 126 

connections to equalizer 74 

series 39 

shxmt 40, 58 

voltmeter used as 185 

Thomson 64 

Ampere turns 3 

Armature coils, resistance of 182 

,, insulation of 166 

Arms of bridge 81 

,, setting of 81, 91 

Armor connection to ground 143 

Astatic ammeter 67 

,, galvanometer 9 

Averaging cable tests 144, 147 



Ballistic galvanometer 17 

Battery, negative to cable 144 

„ reversed in cable test 147 

„ standard 38 

tests of 116 
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Bridge, Wheatstone 75 

Post Office 78 

Queen 88 

slide wire 95 

Stearns 96 

Whitney 91 

Willyoung 85 



Cable, capacity tests 153 

electrification of 144 

battery in testing 144 

faults, the locating of 154 

multiple, testing of 144 

testing 142 

allowances in 148 

operations 148 

Capacity, measurement of 138 

Cardew voltmeter 53 

Care of instruments 73 

Calculating shunts 28 

Cell, Clark 38 

,, measuring resistance, etc., of 117 

,, Standard 38 

,, Weston 38 

,, checking e.m.f. of 125 

Charge, loss of 140 

Chart, plotting 187 

Charging condenser 135 

Checking ammeter 126 

e.m.f 125 

voltmeter 126, 129 

Clark cell 38 

Coil, suspension of 12, 20 

,, armature, testing 166, 182 

,, field, testing 179 

Coils, resistance 24 
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Com])ensating magnet 10 

Condenser 2^, 130^' 

adjustable 3JL, 

,, charge and discharge 1^ 

,, comparison of 189 

Constant .12, IOC) 

deflection 109 

Copper wire resistance 5 

Cords for shunt ■ . . 59 

Corrections for drop method 187 

Current, measurement bv voltmeter 185 

Curves, plotting of 187 



D'Arsonval galvanometer 16 

Deflection 2 

constant 109 

direct 1 05 
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I)iff"erential voltmeter *\ 50 

Dielectrics ^:. 29, 141 

Direct deflection constant 12, lOG 

,, method 105 

Discharge key .3(), 13() 

,, of condenser 130 

Dro]) across lamp 1 74 

,, along line 1<S5 

Duplex instruments 48 
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Earth or ground connections 149 

currents 147 

influence of 9 

magnetic constant of 121 

Edgewise voltmeter 72 

Electrification of cable 144 
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INDEX. 



Electro-dynamometer system 68 

Electro-magnetic system 70 

Electrostatic system 70 

E.m.f. around armature 17.*^ 

in circuit 102 

testing high with low reading \oltmeter 175 

Ecjualizer, ammeter connections 74 

Evershed ohmmeter 90 



Faults, location of 154 

Figure of merit 1 2, lOG 

Field coils, testing 179 



Galvanometer, astatic 9 

ballistic 17 

constant 12 

D' Arson val Ki 

m()\ing coil l;^ 

resistance of. 3, 13, 114 

scale 22 

shunts 27, 107 

sensibility 12 

tangent 0,121 

Thompson reflecting 12 

windings for 4 

Wall pattern 19 

Generator, e.m.f. around armature 173 

insulation of 105 

German silver wires 25 

( jround connection 149 



Hot wir« voltmeter, 



1 1 1 1 • • • t 
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Incandescent lamp test 1 74 

Inclined coil ammeter 64 

,, ,, voltmeter 65 

Inductive capacity 141 

Insulation and length of cable 1 44 

and temperature 144 

,, by loss of charge 140, 152 

„ of cable averaged 147 

„ of armature 166 

„ of generator. . 165 

of line 166 

,, resistance of cable 142 

,, test with telephone .* 145 



Kelvin galvanometer 

(See Thompson galvanometer.) 

Key, discharge 36 

Kempe 36, 136 

reversing 32 

Rymer-Jones 34 

short circuit 32 

rubbing contact 35 

Keystone voltmeter 69 



Lamp, drop across 1 74 

,, efficiency of incandescent 174 

Line insulation, testing of 106 

Loss of charge, insulation by 140, 152 

Location of faults 1 54 

Loop tests 1 54 

Loss or drop of e.m.f 174, 185 



Magnet, compensating 10 

Magnetic vane instrument 61 
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Magnetic influence of earth 9, 121 

Manganin 25 

Measuring high e.m.f 175 

Megohms, calculating in 109 

Merit, figure of 12 

Miles reducing results to 144 

Milliampere. and meters 52 

Millivolt, and meters 52 

Multiple cable testing 144 

Multiplier for voltmeter 51 

Multiplying power of shunt 29 

Murray fault test 158 



Negative ]>ole of battery to cable 144 



Ohms law, applications of. 3, 103 

Ohmmeter, Evcrshed 99 

Sao:e 97 

Ordinate 188 

Oscillatory discharu^e of condenser 136 



Parallax 71 

Platinoid 25 

Platinum silver 25 

Plottin<( curves . . . 187 

I^lus^s for resistance coils 24 

Polarized instruments 74 

Portable sets— -see Wheatstone Bridirc. 

Positive pole of battery to j^round 144 

Potentiometer 123 

Potential indicator 49, 03 

Power of shtmt, multiplying^ 29 

Proportional arms of bridge 81 



INDEX. 197 

Oueen voltmeter 70 

])ortable testing set 88 

Reading instruments 71 

Reducing result to mile lengths 144 

Resistance and temperature 17() 

of battery 117 

of galvanometer 3, 13, 114 

of copper wire 5 

slab 20 

testing of. 104, 113 

of voltmeter 45 

wires 24. 

Reversing battery in cable test 144 

„ ' key 34 

Rheostat 3, 23 

Rymer-Jones key 34 

Sage ohmmeter 97 

Scale, galvanometer 22 

Sensibility of galvanometer 12 

Series ammeter 39 

Shunts, ammeter 58 

,, care of 59 

calculating 28 

galvanometer 27 

multiplying power 29 

use of 27, 107 

Solenoidal voltmeter. 61 

Standard cell 38 

Steams bridge 96 

Storage battery, instruments for 74 

Suspension of coil 12, 20 

Tangents 6 

,, galvanometer 6, 121 
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Telephone, testing with 145 

Temperature and resistance 176 

*^ ,, ,, insulation 144 

TeSi^ing by direct deflection 105 

,, loss of charge 140, 152 

armature 166-172, 182 

. cable 142. 148, 153 

,, summary of 148 

capacity 138 

current in lamp 174 

ground connections. 149 

drop^cross lamp 174 

earth currents 149 

field coils 179 

lengths of wire 96 

wiring 166 

with bridge 79. 85, 88, 91 

,, galvanometer 102 

ohnimcter 97-99 

potentiometer 129 

voltmeter 163 

Thermometer test 17S 

electric 179 

Turn, am[)ere 3 



Unreeling test of cable 160 



Varley fault test 157 

Voltmeter, Cardew 53 

checking 126, 129 

differential 50 

hot wire 53 

Keystone 69 

multii)lier for 51 

princij^le of 39 
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Voltmeter, Queen 70 

resistance of 39-45-172 

sensibility of .* 

Thompson 

Westinghouse «jg2 

Weston " '41 

Whitney •' 54 

used as ammeter . 185 

low reading and high e.m.f 175 



Wattmeter 08 

Westinghouse voltmeter ■ 62 

Weston standard cell ,. 38 

Wheatstone Bridge , 75 

P. O. form 78 

Queen 88 

slide wire 95 

Steams , ". 96 

Whitney ., 91 

Willyoung '. 85 

Wire, resistance of copper ? 5 

Wires, resistance 24 

Wire, testing in lengths 96 

Wiring, testing of KK) 



Zero, central 49, 74 

method 125 

,, resistance of fault 154 
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Eveiything: the Homeworker needs can be supplied 
by the H. S. NORRIE COMPANY. 



If the wholesale dealer will not handle . small orders 
send ihem to us. Let us be your New York 
shoppers. If you ate out of town, we 
will obtain anything you need.: ^ 



IF IT IS TO BE HAD WE CAN GET IT. 







we DO REPAIRS 


f 


- 


A •> — 


J i— — — 


s 


1 ._ ... 





B 


K— -— 


T — 


2 — ^ 


• 


c 


L 


\/ — ^ — ^"^ 


3 


» 


■-- "" 


M 


y 


E - 


N 


w 


5— — — 




H 


c 

Q 


X 

y 


6 








R 




9 — — --- — 





SOME STANDARD ELECTRICAL GOODS. 

Wireless Telegraph outfits $50.00 up. 

Induction coils, 1 inch spark, $10.00; larger sizes to order. 

Six cell dry batteries for experiments with above, $4.00. 

Gas lighting outfits, $3.50 ; with automatic burner, $6.00. 

Electric bell outfit, $1.00. 

Pocket flashlight, the kind that works, $1.00. 

Medical batteries from $2.00 up. 

Winding machines for coil sections or magnets, $6.00. 

Motors, dynamos, water motors. 

Telegraphs and telephones, wires, tinfoil, etc, etc*. 

Bargains in second hand apparatus. 

THE BEST ONLY. 



H. S. NORRIE COMPANY, 

Mail Department, 123 Liberty St., New Yorlc. 



JUST OUT. 



Nearly 300 pages and many illustrations, 12mo., cloth. 

$1.00 

I 

Model Library 



VOL. L 



Consisting of the Following Four Books, with Very 

Complete General Index. 



THE STUDY OF ELECTRICITY 
and its Laws for Beginners. 

HOW TO INSTALL ELECTRIC BELLS. 

ANNUNCIATORS AND ALARMS. 

DRY BATTERIES; 
How to Make and Use Them. 

ELECTRICAL CIRCUITS AND DIAGRAMS. 

Illustrated and Explained. 



NEW YORK : 

SPON & CHAMBERLAIN, 123 Liberty Street. 



25c T. BOO KS. 

ELECTRICITY. The study of, and its laws for beginners, com- 
prising the laws of electric current generation and flow. Ohms law, 
galvanism, magnetism, induction, principles of dynamos and mo- 
tors, wiring, with explanations of simple mathematics as applied 
to electricsu calculation. By N. H. Schneider. With 55 original 
illustrations and 6 tables. 

DRY BATTERIES. A practical handbook on the desigm'ng, 
filling and finishing of dry batteries, \^Hth tables, for automobile, 
l^as engine, medical and coil work, electric bells, alarms, telephones, 
experiments and all purposes requiring a first rate battery. Fully 
illustrated with 30 original drawings. 

ELECTRICAL CIRCUITS AND DIAGRAMS. Being a selection 
of original up-to-date and practical dingrnms for installing annun- 
ciators, alarms, bells, electric gas lighting, telephones, Hertric 
power light and wiring circuits, induction coils, pas engine igniters, 
dynamos and motors, armature windings. By N. H. Schneider. 

ELECTRIC BELLS AND ALARMS, How to install them. By 
N. H. Schneider. Including batteries, wire and wiring, circuits, 
pushes, bells, burglar a'arms, high and low water alarms, fire 
alarms, thermostats, annunciators, and the locating and remedy* 
ing of faults. With 56 original diagrams. 

SMALL DYNAMOS AND MOTORS. How to make, test and 
repair them, with tables of windings and 35 illustrations. 

ELECTRIC BATTERIES. A full explanation of the construction 
and uses of primary batteries. With illustrations. 

SIMPLE ELECTRICAL WORKING MODELS. How to make 
them and how to use them. With 4.*^ illustrations. 

TELEPHONES AND MICROPHONES. Making and using simple 
forms of telephones and microphones, with 20 illustrations. 

SMALL ELECTRIC MOTORS. IIow to make and use them, in- 
cluding design, examples of small motors and their applications, 
speed controllers, starters, fuses, etc. 48 illustrations. 

ELECTRIC LIGHTING for amateurs. The installation of elec- 
tric light on a small scale, construction of lamps and lamp holders, 
switches, batteries and their connections. With 45 illustrations. 

INDUCTION COILS. A practical handbook on the construction 
and use of shock and spark mils. With 35 illustrations. 

X-RAYS SIMPLY EXPLAINED. The theory and practical appU- 
cation of Radiography. 10 illustrations and G plates. 

STATIC ELECTRICITY. Simple experiments in. A series of 
instructive and entertaining electrical experiments with simple 
and inexpensive apparatus. With 51 illustrations. 

SIMPLE SCIENTIFIC EXPERIMENTS. How to perform enter- 
taining and instructive experiments with simple home-made ap- 
paratus. With 50 illustrations. 



25c T. BOO KS. , 

EXPERIMENTS WITH THE DIDOCTION COIL. Interestinn i 
and inslnictivc, by H. S. Norrie. Fully illustrated. \ 

MODEL BOILER MAKING. Conlams full instructions for de- 
signing and making Model Stationary, Marine and Locomotive 
Boilers. Fullv illustrated with original working drawings. 

METAL WORKING TOOLS AND THEIR USES. A Handbook 
tor Young Engineers ami Apprentices, Shows how to use simple 
Tools rei|UJred in Met.al Working and \todel Making, lllustrated- 

5IMPLE MECHANICAL WORKING MODELS. How to make and 
use thi-m, including Stationary IJngine, Locomotive, Steamboat. 
Waterwheel, etc. With 34 illustrations. 

MODEL STEAMER BUILDING. A practical handbook on the 
design and construction of Model Steamer Hulls, and fittings, nitb 
39 scale drawings. 

MACHINERY FOR MODEL STEAMERS. On the design, con- 
struction, fitting and erecting of engines and boilers for model 
steamers, with 44 scale drawings. 

THE LOCOMOTIVE, simply explained. A first introduction to 
the study of the Locomotive Engine, their design, construction 
and erection, with a short catechism, and 2(1 illustrations. 

MECHANICAL DRAWING simply explained. Use of instni- 
menis. reading and setting out drawinp. inking in and (inishlng, 
drawings for rrprodurtion. lettering, with 44 illustrations. 

BEGINNER'S GUIDE TO THE LATHE. Showing how to 
work, kinii of tools, use of tools, etc. Fully explained and illustrated . 

ACETYLENE GAS. How to make and use it. A practical 
handlHTok on the uses of Acetylene Gas, suitable apparatus for its 
generation, hints on fitting up, etc., 34 illustrations. 

WOODWORK JOINTS. How to make and where to jise them. 
Mortise and tenon joints, lap joints, dovetail joints, glue joints, 
scarfing joints, eircuiar work, with 137 illustrations, 

STEAM TURBINES. How to d-sign and build them, by H. H, 
Harrison generalcoasiderations; pressure on surface from jets theory 
of multiple stage turbines, The designing and building of a de 
La^■al Steam Turbine with tables, data, and complete set of draw- 
ings to scale, fully explained step by step. 

UNIVERSAL TIME CARD MODEL. By setting to the desired 
hour al :iny one place the movable model will show at a Clancb 
the actual time of all the other places io the world. Printed in 2 
colors Price Z.'i rent". 

CEMENTS AND GLUES. On the preparation and use of 
cements, plrres and paste for different purposes. 

ALPHABETS. Eight new alphabets suitable for draftsmen. By 
George Martin. 
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Blectlic Bell Fitttil&f.«*A practical handbook on the 
fitting up and maintenance of electric bells and all the necessary 
apparatus. By F. C. Allsop. CONTENTS OF CHAPTERS.— 
(I) Wiring and wires (2) Pushes, pulls, contacts and switches. 
(3> Bolls and relays. (4) Indicators. (5) Burglar and fire alarm 
contacts. (6) Batteries. (7) Connecting up. '8) The detector 
and localizing faults. (0) Portable sets. Index. Tenth edition. 
XV + 170 pages. 186 illustrations and folding plates, 12mo. Cloth 

S1.25. 

JBlectrlc Bell Constc: ictfion. — ^A practical treatise on 
construction of electric bells, indicators and similar apparatus. By 
F. C. Allsop. CONTENTS.— rJeclrtcity and MagTteiism. — Galvanic 
or Primarv Batteries; Leclanch^ Battery; List of Conducting Sub- 
stances; List of Insulating Materials; The Magnetic Field; Lmes of 
Ilagnctic Force; Electro-magnet; Winding Bobbinc of Electro- 
magnets; able of Resistances; Weights and Sizes of Copper Wire. 
Bells. — Construction of Trembling Bells, with details; Construction 
of Single T^trokc Bells, with details; Construction of Continuous 
Ringing Bells, with details; Construction of the Jansen Electric Bell, 
with details; Construction of Electric Gongs, with details; Con- 
struction of Single Stroke Bells for long distances, with details; 
Table giving length and diameter of iron Cores, and the amotint and 
sizes of Wire for different sized Bells. Indicators, — Drop Shutter 
or Moving Disks, requiring to be re-sct by hand; Electrical Throw- 
backs; Full details of Mechanical Indicators; Details for Electrical 
Ii die r. tors. Relays. — Unpolarized relays; Polerized relays; De- 
tails of relays commonly used on Bell Circuits; Continuous ringing 
attachment?;. The Magneto Generator and Bell. — Its Construction 
'.nd Use; and complete details of parts, etc. Galvanometer. — ^The 
Construction and Use of the Detector, or Lineman's Galvanometer, 
vntli detail drawings. With Complete Index. 131 pages, 177 illus- 
trations, 12 mo. Cloth, $1.25. 

f^tsiall njnamo* Notes on Design of. By G. Halliday. 

This book has been mainly prepared for the purpose of supplying 
drawings of a small dynamo of a well-known type to enable students 
t better understand the construction of this machine. 79 pages, 
illustrated, cloth, with a number of drawings to scale. $1.00}. 

Xlie PCionojfrapli and how to Construct it. With achapte 
on Sound By W. Gillett. A practical work written in good plain 
lancjuage, with a complete set of scale drawings, 87 pages , 12mo. 
Cloth, $2.00. 

Xransformer Oesii^'n. — A treatise on their design, con- 
struction and use. By George Adams. The author has avoided 
liistorical matter and the use of mathematical analysis. The main 
object kept in view throughout the work has been to indicate the 
most direct way of designing a transformer, vi + 75 pages, 34 illus- 
t rations, 12mo. Cloth, $1.50. 
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SMALL 

ACCUMULATORS 

VLO'W HADB AND USBD. 

BDITBD BY 

PERCIVAL MARSHALL. A880. Inst. M.E. 



Contents of Chapters. 



I. — ^The Theory of the Accumulator. 
IL — How to make a 4- Volt Pocket Accumulator. 
Ill — How to make a 32-Ampere Hour Accumulator. 
IV. — Types of Small Accumulators. 
V — How to charge and Use Accumulators. 

VI. — Applications of Small Accumulators, Electrical Noveltiei, 
etc.. Useful Receipts and Memoranda, Glossary of Technical Terms. 

80 Pagres* 40 Illud., lamo, Clotli, 50c. 



The M agneto-Telephone. 

Its Construction, 

FITTING UP AND ADAPTABILITY TO EVERY DAY USE. 

By NORMAN HUGHES. 



Contents of Chapters. 



Some electrical considerations : I — Introductory II.— Construc- 
tion. HI. — Lines. Indoor Lines. IV.— Signalling Apparatus. 
V. — Batteries Open Circuit Batieries. Closed Circuit Batteries. 
VI. — Practical Operations. Circuit with Magneto Hells and Light- 
ning Arresters. How to test the Line. Push-Button Magneto Cir- 
cuit Two Stations with Battery Hells. VII — Battery Telephone. 
Battery Telephone Circuit. Three Instruments on one line. 
VIII. — General remarks. Index. 

80 Pagres, aj Illnstrafr^nSf lamo, clotli, $x.O€K 



A NEW BOOK.— Latest American Practice 



ELECTRIC 

AS I IQHTINO, 



Q^Ll 



ELECTRIC GAS IGNITING APPARATUS 



JUMP SPARK AND MULTIPLE SYSTEM 

Houses, Churches. Theatres, Halls, Schools, Stori 
or any large huilding'. 

Also the cftre and Belectionof suitable Batteries. Wiricg aod Repi 

By H. S. NORRIE. 

{Author oflnduclion Coils and Ceil Makinf.) 

Contents of Cliaptera : 

I. Introduction. Means of producing Kparks. Inductfon. lodt 
lion Coils 2, Application o£ Induction Coils to Gas Lightif 
Forms of burners used, pendant, racBtt, stem, Welsbach, Automa 
Burners for Gasoleci; and Acetjitne. 3 How to connect up ap 
ratus WirinK a house, Localirg breaks or thcrt c' 
in finished bouses Gc-netal rcitiarks. 4. Primary coils and safo 
deirtes. -, How to wiie and fit up different systems for lightinK 
!ai„^ builditiBB. 6 The selection of auitableb 
tog, repairs maintenance, etc, 

VJU + 100 pages, 57 illustratio 
diagrams and drawing 




itable bailenes for gas hgb^ 

) and 1 

CIcth. 50c J 



EVERYBODY'S BOOK ON ELECTRICITY . 

PRACTICAL ELECTRICS, 

A UNIVERSAL HANDY-BOOK 

ON 

EVERYDAY ELECTRICAL MATTERS. 



KIKTH EDITION. 



CONTENTS. 
Alarms, — Doors and Windows ; Cisterns ; Low Water in Boilers ; Time 
Signals ; Clocks. Batteries, — Making ; Cells ; Bichromate ; Bunscn ; CaU 
lan's ; Copper-oxide; Cruikshank's ; Daniers; Granule carbon; Groves; 
Insulite ; Leclanch^ ; Lime Chromate ; Silver Chloride ; Smee ; Thermo- 
electric. BfUs - Annunciator System ; Double System ; and Telephone; 
Making ; Magnet for ; Bobbins or Coils ; Trembling ; Single Stroke ; 
Continuous Ringing. Connections, Carbons* Coils, — Induction ; Prim- 
ary ; Secondary ; Contact-breakers ; Resistance. Intensity Coils. — Reel; 
Primary ; Secondary ; Core ; Contact-breaker ; Condenser ; Pedestal ; 
Commutator; Connections. Dynamo- Electric Machines, — Relation of 
Speed to Power ; Field-Magnets ; Pole-pieces ; Field-magnet Coils ; 
Armature Cores and Coils ; Commutator Collectors and Brushes ; Relation 
of size to efficiency ; Methods of exciting Field.Magnets ; Magneto-Dyna- 
mos ; Separately excited Dynamos ; Shunt Dynamos ; Organs of Dyna- 
mos as constructed in practice ; Field-Magnets ; Armatures ; Collectors ; 
BruFh Dynamo ; Second Class ; Alternate Currents ; Third Class.. Fire 
Risks, — The Dynamo ; Wires ; Lamps ; Danger to persons. Measuring, 
-Non -Registering Instruments ; Registering Instruments. Microphones, 
— Construction, &c. Motors, — Application ; for Railways. Phonographs 
rhotophones. Storage — Plates. T^rw/W/j.- Charging. Telephones, — <■ 
Forms ; Circuits and Calls ; Transmitter and Switch ; Switch for Simplex. 

135 PAGES. 126 ILLUSTRATIONS. 8 VO. 

Cloth, 75 Cents. 



ELECTRICAL BOOKS. 



THE DISEASES OF ELECTRICAL MACHINERY. By Ernst 
ScHULZ. Edited \^-ith a preface by Sylvan us P. Thompson. Con- 
tents of Chapters: 1, Continiwtis Current Machines; breakdowns in 
the armature; bnishes and brush holders; faults in the field wind- 
ing; faults in the regulator or starter. 2, Singlephase and Polf- 
phase Generators', famts in armatiu-e; grounds in generators; con- 
nections of different phases; field windings. 3, Singlephase and 
Polyphase Induction Motors \ stator faults; rotor faults. 4, Trans- 
formers', faults in winding; effects of lightning. 6, Efficiency \ ex- 
amples of eHiciency calculations. 

94 pages, 42 illustrations, 12mo., cloth, $1.00. 

ELECrRICAL TABLES AND MEMORANDA. A valuable Httle 
reference book for engineers, electricians, motor inspectors and 
others interested in the electrical science, containing many tables 
and much valuable information in a very small space, with a num- 
ber of illustrations, by Prof. Silvanus Thompson. 64mo., roan, 
gilt edges, 40c. 

THE VOLTAIC ACCUMULATOR. By Emtle Reynier. Con- 
tents: Part 1, Principles, definitions, voltmeters. Part 2, Voltaic 
accumulators of various types. Part 3, Technology. Part 4, Ap- 
plication of accumulators. 202 pages, 62 illustrations, cloth, $3.00. 

THE MERCURIAL AIR PUMP. By Prop. Silvanus P. Thom- 
son, D. Sc. 37 pages, 43 illustrations, large 8vo., paper, 60c.t 

THERMO-ELECTRIC REACTIONS AND CURRENTS, BETWEEN 
METALS IN FUSED SALTS. By Thomas Andrews, F.R.S. 18 
pages, with illustrations and tables, Svo., paper, 40c.{ 

THE APPLICATION OF ELECTRICITY TO RAILWAY WORK- 
ING. By William Edward Langdon. Contents of Chapters: 1, 
On the construction of a telegraph line. 2, Surveying. 3, Construc- 
tion. 4, Telegraph instruments and batteries. 5, Block signalling. 
6, Single line working. 7, Automatic block signalling. 8, Inter- 
locking. 9, Miscellaneous appliances in connection T^nth block 
signalhng. 10, Train lighting. 11, Electric light and power. 
12, Intercommunication in trains 13, Administration. Appen- 
dix. Inde.K. 301 pages, 6 full page plates and 143 engravings and 
diagrams, 8vo., cloth, $5.00. 

ELECTRICAL TESTING OF TELEGRAPH CABLES. By Col. 
V. HosKiAER. Third edition. 12mo., cloth, $1.60. 

HARD SOLDERING, A MANUAL OF INSTRUCTION IN. By H. 

Row ELL, with a chapter on soft soldering and brazing. 12ino., 
cloth, 75c. 
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A MANUAL ON 

THE CARE AND HANDLING 

OF 

Electric Plants. 

Written for the practical engineer and adapted to the United States 
military Service. Including Dynamos, Motors, Wiring, Storage 
Batteries, Testing Instruments^ Incandescent Lamps, Photo- 
metry and a chapter on the Oil Engine. 

By NORMAN H. SCHNEIDER. 

Late Electrical Expert, Southern Artillery District, New York, 

Author of "Induction Coils and Coil Making," ** Notes on United 

States Army Power Plants," etc. 



This manual is intended as a practical handbook for electricians, 
engineers' assistants and all who are interested in the operation of 
commercial or military electric plants. The basis of the work were 
a number of notes and memoranda acctimulated by the author 
during ten years of practical work and upon several courses of 
lectures delivered at Fort Wadsworth to officers of the U. S. Artil- 
lery, and also to non-commissioned officers." The chapter on 
incandescent lamps is especially valuable as this is a subject very 
little touched upon in other works. The selection of tables will be 
foimd very useful for reference. Contents of Chapters: 1. The 
Electric Current, Insulators, Conductors, Series and Multiple 
Connections, Wiring, etc.; 2. Dynamos and Motors, Varieties of 
Motors, Management, Equalizers, Starting boxes, Sparking and 
Heating Brushes, Practical Hints, etc.; 3. Electrical Measuring 
Instruments and how to use them; 4. The Storage Battery and its 
management, Testing, Equipments, Fluids, various Switchboards 
and their working, etc. ; 5. The Incandescent Lamp, Testing, Life of 
Lamps, Photometry, etc. ; 6. The Oil Engine, Belting, Lining up 
Engine, Pulleys, etc.; Index. 113 pages, illustrated with 66 
original drawings and nimierous usefiil tables. 

Bound in limp leather, pocket size. By mail for $1.00 
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Circuits and Dugrams 

UUSTUTS) AND EXHAIO. 
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AN AMERICAN BOOK. 



EKH C - fljur. 

eoond edition thoroughly revised, greatly enlarged and bronght up 

to latest American Practice, 



By H. S. NORRIE, 

(NORMAN H- SCHNCIDCfli 



Considerable space in the new matter is given to the following . 
[edical and bath coils, gas engine and spark ceils, contact breakers, 
rimary and secondary batteries; electric gas lighting; new method 
f X-ray work, etc.. A complete chapter oa up-to-date wireless tele- 
raphy; a number of new tables and 25 oriormal illustrations. Great 
are has been given ^.o the revision to make this book the best Amer- 
;an work on the subject. A very coir.plcte index, contents, list of 
lustrations and contents of tables have been added. 

Contents of Chapters. 

z. Construction of coils; sizes of wire; winding; testing; insula- 
ion; general remarks; medical and spark coils. 2 Contact breakers. 
. Insulation and cements. 4. Construction of condensers. 5. Ex- 
eriments. 6. spectrum analysis. 7. Currents in vacuo: air pumps. 
. Rotating eflEects. 9. Electric gas lightiLg; in multiple; in series. 
o. Primary batteries for coils; varieties; open circuit cell-; c'osed 
ircuit cells; solutions. 11. Storage or secondary batteries; construe- 
ion; settmg up; charging. 12. Tesla and Hertz effects, i» Roent- 
:en Radiography. 14. Wireless telegraphy; arrangement of circuits 
I coil and cohL-rer for sending and receiving messages; coherers; 
raoslatmg devices; air conductors; tables; contents; index. 

ZU + 270 Pages, 79 Illustrations, Sx6}4 Inehes. 

Cloth, $1.00. 
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INDUCTION COIU 

AND 

Coil Making. 

A Treatise on the Construction and Working i 
Shock, Medical and Spark Cotls. 

By F. C. ALLSOP, 



CONTENTS. 



Inductioa; iron filings lound poles of a magnet; magnetic whirh' 
round wires carryicg electric currents; electro-magnet; apparatus for 
observing tbe phenomeaa of induction, circuits of coil niLh both 
primary and secondary; primary ihoek coil; hints on the construc- 
tion of coils generally; determining iiie of primary and secondary 
windings; table of resistances of copper wire, elc. ; bobbins; iron coic; 
winding thepiimarj-; winding the secondary; conlac:-breakers; term* 
inals; bases for coils; putting the coil together; construction of con- 
densers; shock and medical coils and their connections; icetbods of 
regulating shirck; [irimary shock ceils; method of winding last laj-er; 
bath coils; sledge coils; portable coils; street coils; accessory appli- 
ances for, and the application oC medical LCils; conducting cords and 
electrodes; galvanometers and ra ill i amperemeters; collectors; current 
reversers; rheostats; spnrk coils; a i inch spark coil; seclionally- 
wound coils; a 2-inch spark coil; a :i-inch spark coil; App's spark 
col; the polytechiiic coil; the Spottiswoodie col); expeiimenis wilb 
S|>ark coils, vacuum tubes, etc ; batteries for coil working — dry, 
Leclanche. bicliromate. Edison Lelando, Giove, Buusea—faulls in 
medical and spark coils; figures produced by electric diiich<krg«««h< 
photographicplaies;index, ~ 

172 Pages, 5 In. x 7t, 124 Illustrations, 

Cloth. 81.25 
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-An Elementary Treatise for the Use of 

ELECTRICAL ARTISANS AND SCIENCE TEACHERS. 
By J. A. Fleming, M. A., D. Sc, F. R. S. 

Synopsis of Contents. 

Magnetic classification cf substances. Elcctro-mag^netism. Mag- 
netic retentivity and coercivity. Structure of a magnet. Substance 
and energy. Physical measurements. Fundamental units. The 
Metric system. The C. G. S. system derived units. A unit mag- 
netic pole. Moment of a magnet, magnetic fields and magnetic 
couples. Magnetic flux. Magnetic reluctivity and reluctance. 
Magnetomotive force. Action of a magnetic field on a magnetic sub- 
stance. Practical measurements of magnetic flux and magnetic 
force. Electric currents and electro motive force. Production of an 
electric current. Practical forms of Voltaic cells. Standard cells. 
Thermo-electric currents. Magneto-electric currents. Measure- 
ment of electric currents. Construction of a tangent galvanometer. 
Definition of the practical unit of current— one ampere. Practical elec- 
trical unit. Ohm's law. Faraday's discovery of electro-magnetic 
induction. Ballistro galvanometer. Induced electric currents. 
Mutual inductance. Conductors cutting magnetic flux. Farad ly's 
disc. The direction of the induced electro-motive force. Hand 
rule curves. Steinmetz law. Electro-magnets. Lifting power of 
electro-magnets. Construction of electro-magnets for various pur- 
poses. Effect of heat on magnetic properties. Alternating or 
periodic currents. Inductance. Alternating current transformers. 
Transformer distribution. Construction of alternating current trans- 
formers. Induction coil. Electric measuring instruments. Current 
carrying capacity of wire. Alternate current instruments. The 
dynamo. Alternators. Appendix. The measurement of the Earth's 
Horizontal magnetic field strength. 

408 pages, 135 illustrations, i2mo, doth, $2.00 
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A GRADUATED COLLECTION OF^ 



PROBLEMS IN ELECTRICITY. 



Comprising all branches of Electrical Science. 



By ROBERT WEBER, D. 8c. 



Translated from the Third French Edition. 



By E. A. O'KEEFFE. B. E., M. I. E. E. 



EXTRACT FROM PREFACE. 

"This graduated collection of problems in electricity fills a want 
1 have often felt in the course of my teaching. In order the better 
to familiarize the student with the technical terms and the formulae 
employed in this branch of physics, I thought it would be useful 
to collect a considerable number of exercises, to arrange them 
carefully, and to vary as much as possible the subjects of which they 
treat. This collection allows us to illustrate the theoretical course 
by numerous examples, to exercise the intelligence of the students, 
and to imprint on their memories the laws and electrical formula?, 
the numerous applications of which tend every day to take a 
greater place in our lives." 

The work is divied into the following divisions: Mechanics and 
heat, with 38 problems and answers; static electricity, with 1^3 
problems and answers; dynamic electricity, with 555 problems and 
answers. The units adopted are mechanical, magnetic, electrical, 
practical electrical, legal and heat. With 26 tables. Index and 
contents. 

XV. + 351 pages, 34 diagrams, 12mo., cloth, $3.00 
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NOW READY. 



EInECTRICITV, 

IT.S 

Theory, Sources and Applications, 

BY 

JOHN T. SPRAGUE, M.I.E.E. 



THIRD EDITION. 

Tb.oTougliljr Heviaed and Enlaj-^&d. 



Chaptek Hkadinon. 
tntmduotirnn ; Static or Frictional Electricity; MBgnatiBm ; OalvaDir 
ttetterieB ; MeRBorement ; Current ; Coadactivity and Kenistanue ; EWr- 
tro-modve Force Electrolys » Eleotro-niptalliircy ; Eleufrn-ninsnetisiu ; 
TerrestriBl Eleclncity Electric Ligt tin^; MiHcolianeuus : Diclionniy nf 
TemiB ; Index. 

This edition is no mne reprint verv aentenca h<u) bei'n exumlixnl. 

|«nd erary sonroa of infurmiti n htidi-1 to bring tho wiirk f lUly up I" 
A«t«. One-thiid of tlie book is retntten ii(iihiu<; of canHequcDCu lias 
been omilteil, but t make room for tli nnw maitpr Bomi: of (he lesK 
important illnstrationi hnve been set ns le, and D.11 unneaeBSBry wordi- 
cut down : bat the work at n vholo lemi at wlint it won, the ei^praNtiiiiii 
iif original tlioii(;bt an 1 ork n t t mere orUlodox text'book. .... 
Many mere fai-te found in all other books on electricity rany bere bp 
nniitted. or only sli^litly glancpd nt ; but on the oilier himd, jiriiu'lpft" 
nro dwelt upon, and llio instruments neoesBarj- for t'joir study fully 
oiplMined so that tlio-^e who may hnvc no'.ne moi'hiinic:.! ii,:ti'.u lo may 
oonatrnct tliem for themsclvpH, Ibe very best poHHilila ■Kay nf underatiirid- 

647 pser""> llluetrated, 10mo, cloth, price $8. 



A History of ELECTRIC TELEGRAPHY 

TO THE YEAR 1837. 

Chiefly ifm^iied from Original Sources and Hitherto Unpublished 

Documents* 

By J. J. FAHIE. 



CONTENTS. 

In this work the author has divided the History of Electricity into three 
partSf (I) sialic, or fictional electricity, (2) dynamic, or galvanic electri- 
city and (3) elcctro-magnctism and magneto-electricity. These in their 
turn are divided into three classes, electrical, galvanic (chemical), and 
^ectro-magnetic; and each class treated chronologically, follows naturally 
the corresponding part of the history of electricity up to the year 1837. 

This work will be found valuable as a book of reference, and no elec- 
trical library is complete without a copy. 

542 pages, 35 illustrations, i2mo., cloth, $3.00. 



Philip Rels, 
Inventor of THE TELEPHONE. 

A Biographical Sketch, 

With Documentary Testimotiy^ Translations of the Original Papers of the 

Inventor and Conteviporary Publications, 

By F*rof. Silvamas F*. Tlnori-ipson, D.Sc. , 



Contents of Chapters. 

Chapter I.— Biography of the Inventor. II. — The Inventor's Appar- 
atus; (^) Transmitters ; [b) R.eciivers. HI. — The claim of the Inventor. 
IV. — Contempr>rary documents. V — Testimony of Contemporary Wit- 
nesses. Appendix. Chapter I. — Compaiison of Reis's Transmitters 
with recent Instruments. H. — On the variation of Electrical Resi^tance 

at a point of Imperfect Contact in a Circuit. HI Comparison of Reis's 

Receivers with Recent Instruments. IV. — On the Doctrine of Undulaiory 
Currents. Schedule of Authorities and References. Additional Re- 
ferences concerning Reis's Telephone. 

182 pages, 48 illustrations and two plates, 8vo., Cloth, $3.00. 



riNSBURY T5Gt1NIGAL MANUALS. 



Elementary 

TELEGRAPHY AND TELEPHONY 



BY 

ARTHUR GROTGH. 



Extract from Preface. 

"This work is intended to cover the intermediate ground betweea 
electricity and magnetism proper and the twin subjects of tele- 
graphy and telephony. 

'* The elementary student does not desire to traverse the whole 
field of electricity, either the science or its application, but to 
understand such leading principles of the one as are necessary to 
a comprehension of simpler systems of the other. It has, therefore, 
been the author's aim to treat the subjects as fully as possible 
from this point of view, and to lay a firm foundation for the 
acquisition of larger future knowledge." 



Contents of Chapters, 

I. — ^Magnetism. 

II. — Terrestrial Magnetism — Magnetic Theory. 

III. — Static Electricity. 

IV. — Electrostatic Induction — Condensers. 

V. — Dynamic El'^^ctricity — The Voltaic Cell. 

VI. — Primary and Secondary Cells. 

VII. — Resistance, Current and Electromotive Force. 

VIII. — Effects of Current — Galvanometers. 

IX. — Induction. 

X. — Cross-Section — Combined Resistances. 

XI. — ^Joining- Up of Cells — Universal Battery S3rstem. 

XII. — ^Telegraphy : Single Needle — Sounder. 

XIII. — Relays — Double-Current Working, etc. 

XIV. — Wheatstone A B C— Steljes Recorder. 

XV. — Differential Duplex. 

XVI.— Bridge Duplex. 

XVII.— Submarine. 

XVIII.— -The Telephone. 

XIX. — Telegraph and Telephone Lines. 

XX. — Elements of Testing. Index. 

VII+ 223 Pages, 238 Illustrations, 8vo, Cloth, $2.oo. 
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A VALUABLE BOOK OP REFERENCE. 



TELEPHONES 

THEIR 
CONSTRUCTION AND KITTINQ. 

A 

Practical Treatise on tJu Fitiing-ttp and Maintenance of Telephones 

and the Auxiliary Apparatus, 

Dy K. C. ALLSOI^. 



SYNOPSIS OK CONTTENTTS. 
Receivers, — Sini;le-pc>le Bill; Donblc-pole Bell; Watch; Membrane; 
G<»wer; A«Ur; Bell pattern Ailer; D*Arsonval; Hicklcy; Siemens; Sp<M>n- 
shape; Duuble; Bollier. Transmitters, — Hac:lu*«; Microphone; Biakr; 
Gowcr; Adcr; Crosslcy; John^^on; Swinton; Valve Mi.rophone; German 
P. O. ; Hunni'igs; Berthon; Berlinjjcr; Induction c<»ils for; Specihcatiitu-; 
for; two-prncil Microphoie. Switch Bells, — Battt.y; M-ignet«»; C«»i.ne(- 
tions; Switch Hook; Lightning Arresters. Complete In^trnvtenfs. — Willi 
Ma;^netic Transmitters; Wiih Nficrophone; Gower.B«*ll; Bt'll-Bl;ik •; Cro«;s- 
ley; Ader; Johnson; Army Servict*; Slup Sfrvicr; ibr Miiini; and (>iviM^ 
Purposes. L<^>ng Distance Tehphony. I^elis. ( onstruction o( iIm* Ma^j- 
iieio Gcfierator; B ittery; Vibratin<:j; Sint^le Stroke; Couiituoiis Rj.iviiijr; 
Sliort Circuit; Differentially wound; Ciicular; Church Sha|>ed. Kelays. 
Switchi's. — Two way; thrte point; four point; six poiir; pluj;. T'nce 
drop Annunciator; Four drop Annunciator; Co? nccting Plu'^s. Switch- 
l)(>.irds. Batteries. — Leclanche; Ai;i,doincia'e block form; Six block lorni. 
Position of the Battery. Settiny: up tlie Ba'tery. Inspeciing a P..it»t*rv. 
Keciiarj^inj^j a Battery: four cell l^iticry in box. Er rtinji^ 7 /, p/iont 
/F/rrj. — Live Wires; Insulators; Shackles; Wall Biacket-^; Owihcad 
Wires; Paying out Wire; Draw vice; Vicing up a span; Bindinv; VVi rr to 
1 i-^ulator; P-»le on Roof; HuinminiT of Wire-; Prevention; lndiu:i«»ii ai'«l 
L'akage;to Prevent Induction; Undertjround ^Vires; hisid'- o* Joiniui: up 
Wires; Earth Wires and Earth Connections^; Fixin*/ ihc Intrnnu-' t>; 
t onnccfii g up (with numerous diai^jrams). Different Me'ho'h nf ^irr.nfir. 
in^ Instruments — Twelve different arran«reme>its. PriTat,: f-lxrhnmre 
SvstriHs. — For Hotels; for Larije Bnildines; Switih-boards. P/'/*/i< F.x- 
I'l.intrr Systems. — Western Electric Multiple; British P. (). '.French. The 
Law; The Mann; Miller's Improvement; Bennett's Electro-static « .1" Wire 
TestiftfT and Removing Faults. — Searching for a fault. Faults in — Tr4i»'4- 
mittcrs; Receivers; Switch Bells; Batteries; Line; Locatinj^ Far Its. In<lex, 

164 paffes. 156 illustrations and foldingr plates. 

lamo. Cloth, $1.25 
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ELECTRICAL INSTRUMENTS- 
and TESTING. 






How to Use the Voltmeter, Ammeter, Galvanometer, Potentiometer, 
Obmmeter, the Wbeatstone Bridge, and tbe Standard Portable 
Testing Sets. 



HORMAn H. SCHNEIDER. 

Author o£ " Care and Handling o£ Electric Plants," " Induction 
Coils and Coil Making," " Circuits and Diagrams," etc., etc. 



The aim of the author has been to produce a comiilete and prac- 
tical work on this important subject. 

First describing tbe various forms of Electrical Testing and 
Measuring Instrument.'! and their construction. 

Secondly, their practical application to everyday work with 
numerous examples worked out. 

Thirdly, _ detailing the many tests of insulation resistance, cur- 
rent and e.m.f. that can be made with a voltmeter. 

Using only formulas in simple algebra and then explaining thero 
in plain language for the benefit of practical men lacking a knowl- 
edge of mathematics. 

During the past ten years the author has made hundreds of 
tests, which has made him familiar with the subject from the 
practical standpoint. He has also obtained valuable information 
and diagrams from the principal manufacturers of Testing Instru- 
ments. The apparatus described is modem and in universal use. 

Most of the diagrams have been specially drawn for this book. 

The work is di\'ided into XI, chapters as follows: 
Introduction; Chapters I, and II, The Galvanometer; III, 
Rheostats; IV, The Voltmeter; V, The Wheatstone Bridge; VI, 
FoTOis of Portable Sets; VIl, Current Flow and e.m.f,; VIII, The 
Potentiometer: IX. CTmdensers; X, Cable Testing: XI. Testing 
with Voltmeter. 

230 pages, 105 illustrations and diagrams, 12mo., doth, Sl.OO. 



A HAND BOOK OF 

y^LECTRlCAL TeSTINQ, 

By a R KEMP, KLLE^E^ CE. 

Sixth editioriy thoroughly revised and enlarged. 



Note: — In the present edition the author has not only taken advan- 
tage as far as possible of the many friendly suggestions which have 
been made to him for the improvement of the original work, but has 
added a considerable amount or new matter, besides thoroughly 
revising the old. — February^ igoo. 



CONTENTS OF CHAPTERS. 

I. Simple Testing. 2. Re«;istance Coils. 3. Galvanometers. 4. 
Shunts. 5. Measurementof Galvanometer Resistance. 6.. Measure- 
ment of the Internal Resistance of Batteries. 7. Measurement of 
the Electro motive Force of Batteries. 8. The Wheatstoue Bridge. 
9. Localization of Faults. 10. Keys. Switches, Condensers and 
Batteries, ir. Measurement of Potentials. 12. Measurement of 
Current Strengths. 13. Measurement of Electro static Capacity. 
14. The Thompson Quadrant Electrometer. 15 Measurement of 
Ilio- ^.'*'^'=**-.";nces, t^. Measurement of Resistances by Potentials. 
17. Localization of Faults by Fall of Potentials, iG. Tests, durir;; 
the laying of a Cable. 19. Jomt-testmg. 20. Specific Measurement. 
ai. Corrections for Temperature. 22. Localization of Faults of 
Hii;h Resistance. 23. Localization of a Disconnection Fault in a 
Cable, 24. A Method of Localizating Earth Faults. 25. Galvano- 
meicr Resistance. 26. Specifications for Mnnufacture of Cable.— 
Sy>tems of TcL-ting Cable durmg Manufacture. 27. Appendix, 
Index and Numerous Tables. 

Vin+646 pages. 2C8 illustrations, 8vo cloth. (6 00^ 
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NOW READY. 

96 pages, 573 illustrations, four three-color plates, 

and 32 large folding plates and scale drawings. 

Size of book, 6i x 8i x 2f 

$7.50 



■DYNAMO- 

K rr-ri->. _ 



MACHINERY 




)ur special payment offers are worthy your 
consideration. Send for full particulars. 



AUTHORIZED AriERlCAN EDITION O^ 

POLYPHASE 
ELECTRIC CURRENTS 

AND 

ALTERNATE-CURRENT MOTORS 

By S. P. THOMPSON, D.Sc, B.A., F.B S. 

Second and Enlarged Edition, with Twenty-four Colored IlliiB- 

trations and Eight Folding Flutes. 



Contents of Chapters. 

I. Alternating Currents in General. 
II. Polyphase Currents. 

XII. Combination of Polyphase Circuits and Kconomy of Copper. 
IV. Polyphase Generators. 
V. Examples of Polyphase Generators. 
VI Structure of Polyphase Motors. 
VII- VIII. Graphic 1 heor^- of Pi.lypha^e Motors. 
IX Analvtical Theory of Polyphase Motors. 
X. Hxainples oi Modern Polyphase Motors. 
XI. Hint-Jon Uesign. 

XII Mechanical Performance of Polyphase Motors. 
XIII. Single-Phase Motors 

XIV Polyphase Transformers and Phase Transformation. 
XV. Measurement of Polyphase Power. q 

XVI. Polyphase Equipment of Fnctories. 

XVII. Distribution of Polyphase Currents from Central Stations. 
XVIII. Polyphase Electric Railways. 
XIX. Properties of Rotatm^ Mapietic Fields. 
XX. Early Development of the Polvphase Motor. 
Appendix. -I Alternate Current Calculations : the Symbolic Me- 
thod. II Schedule of Polyphase Patents Index List of Plates:— 
I. Tveo phase Generator at Chevres. 11. Three phase Inrhictor 
Aliernator. III. Two-phase Motor of Six Horse powt-r IV. Three- 
phase Motor of One Hundred Horse power. V. Three phase Motor 
of Twenty Horse-power. VI Core Disks of Three- Phase Motor. 
VII. Two phase Motor of One Thousand Horsepower. VIII Lo- 
comotive of the Jungfrau Railway. 

0o8 PagreSy 358 lUus., Sto, Clotb, $5*«o} 



Design of Dynamos 

BY 

SILVANUS P. THOMPSON, D. Sc^ B. A^ F. R. S. 

EXTRACTS FROM PREFACE. 
" The present work is purposely confined to continuous current 
generators. The calculations and data being expressed in inch 
measures; but the author has adopted throughout the decimal sub- 
division of the inch; small lengths being in mils, and small areas of 
cross-section in sq. mils, c/, sometimes, also, in circxilar mils." 

CONTENTS OF CHAPTERS. 

1. Dynamo Design as an Art. 

2. Magnetic Data and Calculations. Causes of waste of 
Power. Coefficients of Dispersion. Calculation of Dispersion. 
Determination of exciting ampere-turns. Example of Calculation. 

3. Copper Calculations. Weight of Copper Wire. Electrical 
resistance of Copper, in cube, strip, rods, etc. Space-factors. Coil 
Windings; Ends; Insulation; Ventilating; Heating. 

4. Insulating Materials and Their Properties. A list of 
materials, including " Armalac." '* Vitrite." " Petrifite." " Mican- 
ite," " Vulcabeston," *' Stabilite," " Megohmite," etc. With tables. 

5. Armature Winding Schemes. Lap Windings, Ring Wind- 
ings, Wave Windings, Scries Ring- Windings, Winding Formulae. 
Number of circuits. Equalizing connections. Colored plates. 

6. Estimation of Losses, Heating and Pressure-drop. Cop» 
per Losses, Iron Losses, Excitation Losses, Commutator Losses, 
Losses through sparking. Friction and Windage Losses. Second*- 
ary Copper Losses. 

7. The Design of Continuous Current Dynamos. Working 
Constants and Trial Values; Flux-densities; Length of Air-gap; 
Number of Poles; Current Densities; Number of Armature Con-* 
ductors; Number of Commutator Segments; Size of Armature 
(Steinmetz coefficient) ; Assignment of Losses of Energy , Cen- 
trifugal Forces; Calculation of Binding Wires; Other procedure in 
design. Criteria of a good design. Specific utilization of material. 

8. Examples of Dynamo Design. 

1. Shunt- wound multipolar machine, with slotted drum arma- 
ture. 2. Over-compounded Multipolar traction generator, with 
slotted drum armature, with general specifications, tables, dimen- 
sions and drawings, fully described. 

A number of examples of generators are given in each chapter, 
fully worked out with rules, tables and data. 

VIII. X253 pages, 92 illustrations, 10 lirge folding plates and 4 
. Three-color Plates, 8vo., cloth, $3.50. 

(Bound in Red Cloth as a companion volume to the second edition of 

Polyphase Electric currents.) 
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PRACTICAL CONSTRUCTION 



Of 

Electric TramMrays 



— BY— 



WUUam R. Bowker, C.E., M.B., B.E, 



<« 



An excellent treatise on Electric Tramway Construction, with 
numerous diagrams. The author's treatment being essentially 
practical, he at once dips into the question of laying out the per- 
manent way. Chapter II. is devoted to the preparation of a sub- 
stantial roadbed foundation, without which it is useless to expect 
reliable results. With the aid of numerous diagrams, he then 
describes the laying of the rails, plate laying, bonding, etc. As to 
the completion of roadbeds the author notes that no pavement has 
yet been discovered with so long a life as granite sets pavement 
judiciously laid. There is a good deal of useful information on 
wood pavement. Details of overhead equipment are carefully 
considered. Local faults, materials used, and testing and mainte- 
nance are considered." — Page's Engineering Magazine. 

Contents of Chapters: 1. Laying out the Permanent Way; 2. 
Road bed Foundation, etc.; 3. Laying the Rails, Plate Laying, 
Bonding, etc. ; 4. Completing the Road-bed ; 5. Choice of Materials 
in the Laying-out of Curves for the Overhead Equipment; 6. Over- 
head Construction and Equipment; 7. Notes and details on 
Materials in the Construction and Equipment of Various Tramway 
Undertakings; 8. Testing and Maintenance of Electric Tramways; 
index. 

VIII. + 119 pas:es, 93 dia^ams, 8vo. cloth. $2.50 



'I'i. 



SECOND EDITION, COMPLETELY REWRITTEN. 

Gas and Petroleum 

Engines 

By WILLIAM ROBINSON, M. E. 



The author has found it necessary to rewrite this work owing to 
the rapid development of the internal combustion engine. His 
aim is to aid the engineering student and the engineer in studying 
Gas and Petroleum Engines and the principles that underlie and 
control their action, so as to put the practical man in a position 
to test the performance of these engines, and to make an intelligent 
use of his own observations. 



CONTENTS OF CHAPTERS. 

1. — Introductory: Conversion of Heat into Work. 2. — Early 
History of Internal Combustion Engine. 3. — Early Practical Gas 
Engines: Non-Compression Type. 4. — Constant- Pressure and Re- 
generative Gas Engines. 5. — Otto and Crosslcy Gas Engines 
6. — Atkinson Gas Engines. 7. — Six-Stroke Cycle Gas Engines. 
8. — Engine with Separate Pump, and Impulse every Revolution. 
9. — Modem Gas Engines. 10. — Other Modem Gas Engines. 11. — 
Elementary Principles and Calculations: Work. 12. — Energy: 
Measurement of Heat Energy. 12. — Thermometry: Measurement 
of Temperature. 14. — Combustion : Fuel Calorimeters 15.— Fuels: 
Solid and Liquid Fuels. 16. — The Working Fluid: Gaseous Fuel. 
17. — The Petroleum Engine and Motor Car. 18. — Air Engines. 
19. — Properties of Gases: Transformation of Heat into Work. 
20. — ^The Testing of Gas and Oil Engines. 21. — Combustion in the 
Engine Cylinder. Appendix. 1. — Useful Constants for Con- 
version. 2. — Temperatures; Weight of Water; Pressure and 
Volume of Water Vapour. Index. Published November, 1902. 

IX-h940 pages, 474 illustrations, 8vo, 2 Vols, cloth, $8.50. 
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ON 

With /nstructions for Care and Working of the SQafS. 

By G. LIECKFELD, C.E. 

TRANSLATED WITH PERMISSION OF THE AUTHOR BY 

Geo. Rlckuiond, M.E. 

TO WHICH HAS BEE>? ADDED tULL DIRECTIONS FOR THE RUNNING 0¥ 

OIL ENGINES- 



CONTENTS. 
Cboosinfi^ and installing a o:as eng^ine. The constmction of good 
gas engines Examination a-> to workman- hip. As to running;:. A:: 
to economy. Rcliabihty and durability of gas engines. Cost of in- 
stalling a gas engme. Proj.-er erection of a gas engine. Construc- 
tion of the foundation. Arrangement for gas pipes. Rubber bag 
^ kicking devices. Exhaust pipes. Air pipes, betting un gas eu- 
g. cs. Brakes and their use in a^^ctrtaining- the power of gas en- 
gines. Theory ot the brake. The Brauer band brake Arrange- 
ment of a brake te.st Explanation of the expressions * Brake 
Power * and ** Indicated Power " Coinparisons of the results of the 
brake test and the indicated test. Quantity of wurk ccnsumed by 
external frictic>n of the engine Distribution of heat in a gas engine 
Attendance on gas engines. General remarks. Gas engine oi» 
Cylinder lubricators Rules as to startinjr an- 1 stopping a gas engine. 
The cleaniniT of a i?as engine. General observations and specific ex* 
amination for defects Different kinds of defectives. The engine 
refuse"> to woik. Non-startmg of the eng.ne Too much pressure 
on the gas. Water in the exhaust pot. Difficulty in startins^ the en- 
gine. Clogged slide valve. Leaks in gas pipes. Unexpected 
stopping of en^one Irregular running. Loss of power. V/eak g as 
mixture:i Late r^nition. Cracks in air ink t. Back filing Knock- 
ing and pounJin^; inside of engine. Dangers and precautionary 
measure ii handling gas engines. Examination of gas pipes Pre 
cautions when : Opening gas-^'alves. Removing piston from cylin- 
der. Examining with light openine^s of gas engines. Dangers in 
siartin^ Daigcrs in cleaning. Safeguards lor fly-wheels. Danger 
of putimg on belts. Oil t^^ng^ines. Gas engines with producer 
gas. G.iSOiine and oil engines The '• Hornsby-Akrovd * oilengine. 
Failure t'> stdrt. Examination of engine m detail. Vaporizer valv% 
box Pull detaili d direction*^ for tne mana^^ement of Oil Enginea 
Ccncl'jd ing remark?.. 120 pa;;es. illustrated. i2mo. cloth, $1.00 
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The Design and Construction 



Oil Engines, 

Erecting, tming, Miining, Runniiig and Repairtng. 

Includloe descriptions of AaierJcan and English 

KEROSENE OIL ENGINES. 



By A. H. GOI^DINGHAin, BI.B. 



IB. Introductory ; classification of oil engine^ ; vaporisers ; ignition 
ul spiBvin^ lievices : different eyelids if valve movements, a. On 
asign and construilion of nil engines; cs'linders; l:^ank^-hafts : con- 
necting rods; pi-.Con and pi-iloo rinn'i; flywheels; air and exliai.sl 
rams, valves and vaUeboxes; beannRs ; valve mectaniiiin gearing 
and levers; pioportiuns of engine names; oil-tank and lilt'^r ; oil 
supply pipes ; different tvpes o£ oil engines : cylinders made in more 
than one piece ; single cylinder and double cylinder engines ; crank 
pin dimensions; littiog pjrts; a-isemblirg of oil engine; testing 
water jackets, joinls. etc. 3. Testing for leaks, laulls, power. 
efficiency, combusiion, cumpres'^ion ; defects as shown liv indicator ; 
diagrams tor seltinn values ; how to correct faults; in'licalor fuJly 
described; fuel coDsumpt<<in test, etc. a. L'o ling water tanks; 
capai'ity of tanks ; source of water supply ; sy-itera of circulation ; 
water pump; exhau.-'t siler.cers; self starters; utilization of waste 
heat of cKhan-^t t. Oil engines driving dvnam'i; la-sidllation of 

flant ; direct and bolt connected ; belts ; power lor electric lighting ; 
"SB of power. 6 Oil engmei driving air compressiirs ; dilvctciin- 
nocted and geared ; lalile of pleasures ; pumping oulfil<; ; oil engioea 
driving ice and refrigeration oiiltUs. ?. Full instruL-tinns for mn- 
nmc different kinds of oil euKines 8. Hints en repaiis ; adjustment 
of crank shaft and connecling rod bearing; le-^tini; m1 inlet v<lves 
nnd purop lilting new 'ipur ijear-i, etc .1. (leneral des. nplions « itb 
lUustialiors of Arueiican iiidiiiii^lisii oil e'li-inis; rae'.ho'ls o£ work 
in(! ; porlaUeoil enginps, eti-., clc. InJ. xan.t Ubles 

XIII. + I{|6 pages. 7) X e,^, 79 illustrations, cloth. |2.t>o 
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ABC OF THE 

Steam Engine 

WITH A DESCRIPTION OF THE 

Automatic Shaft Governor. 

By J. P. LISK, M.E. 
WITH SIX LARGE SCALE DRAWINGS. 

A practical hand-book for Firemen Helpers and Young Engineci^. 
giving a set of detail drawings all numbered and lettered and witb 
names and particulars of all parts of an up-to-date American High 
Speed Steam Engine. Also a large drawing and full description of 
the Automatic Shaft Governor. With notes and practical hints. 

This work will prove of great help to all young men who wish 
to obtain their Engineer's License because it is 

Easy to Understand, Easy to Remember, 

and gives the Latest American Practice* 

I. Loni^tudinal Section Through Cylinder, and Top View of High Speed Hori- 
zcntal Stepm Engine. 

11 ^ide novation of Hiph Speed Horizontal Steam Engine. 

III. Detail Drawing of Connecting Rod and Piston of High Speed Horizontal 
Steam Enfjine. 

IV. DetJiil of Piston Valve; Eccentric Strap and Rod; Valve Stem Guide, 
and Eccentric of High Speed Hcizontal Steam Ergine. 

V. Detail of Crosshcad. Crosshcad Slipper; Wrist Pin; Crank Pin; Stuffing 
Box, etc., of High Speed Horizontal Steam Engine, 

VI. Dftail of Cpntrifiigal Automatic Governor for High Speed Horizontal 
Steam Engine. 

Copies mailed, post-paid, to any address on receipt of Fifty CentS^ 

- - 

Diagram of the Corliss Engine. 

A large engraving giving a Longitudinal Section of ihe Corliss 
Engine Cylinder, showing relative positions of the Piston, Steam 
Valves, Exhaust Valves and Wrist Plates when cut-ofT takes place 
at J stroke for each 15 degrees of the circle. With full particulars. 
Reach-rods and Rock. shafts. The Circle explained. Wrist plates 
and Eccentrics. Explanation of Figures, etc., etc. Printed on 
heavy ledger paper, size 13 in. x 19 in. Price. 25 Cents each 

Special Price on a QuanHly. 
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HOW TO WLVn 

ENGINES AND BOILERS. 

Hew Edit/on With a Section on Water Tube Boilers. 
Practical Instruction for Young Engineers and Steam Users. 
By EGBERT POMEROY WATSCN. 

Synopsis of Contents, 

Cleaning the boiler, removing scale, scale preventers, oil in boilers, 
braces and stays, mud drums and feed pipes, boiler fittings, ^rate 
bars and tubes, bridge walls the slide valve, thn^ttlme: engine, the 
piston, testing the slide valve with relation to the poits. rlefects of 
the slide valve, lap and lead, the pressure on a slide valve, stem 
connections to the valve, valves off their sedf«i. valve stem guideft, 
grovemors, runnmg with the sun, eccentrics and connections, the 
crank pin, brass boxes, bearings on pins, adjustment of nearings, 
the valve antl gearing, setting eccentrics, the actual operation, 
return crank motion, poundmg, the connections, lining up engines. 
making joints, condensing engines, Torriccllfs vacuum, proof of 
atmospheric pressure, pumps, no power in a vacuum supporting a 
water column bv the atmosi 'here, starting a new plant, &c. &c. 

Water tube boilers, fire tube boilers, why water tube boilers steam 
rapidly, torpedo boat boilers, management of water tube boilers, 
economy and maintenance of water tube boilers, different types of 
water tube boilers. i60 pages, Ulustrated, 12ino, clotl>, $1.00. 



THE FIREMAN'S GUIDE. 

M Handbook on the Care and Management o ' Boi/ers, 
By KARL P. DAHLSTROM, M.E. 

Contents of Chapters. 

I. Firing: and Economy of Fuel,— Precautions before and 
after starting the fire, care of the fire, proper firing, draft, smoke, 
progress of firing, fuel on the grate, cleaning out. cleaning grate 
bars and ash pan, dampers, firing into two or more furnaces, dry 
fuel, loss of heat. 

II, Feed and Water Line.— Feeding, the water line, false 
water line, defective feeding apparatus, formation of scale, guage 
cocks, glass guage. the float, safety plug, alarm whistle. 

Illc Low Water and Foaming or Priming.— Precautions 
when water is low, foaming, priming. 

IV. Steam Pressure. — Steam gauge, safety valves. 

V. Cleaning and Blowmur Out.— Cleaning the boiler, to 
examine the state of the boiler, blowing out, refilling the boiler. 

VL General Directions,— How to prevent accidents repairs, 
the care of the boiler when not in use, testing boilers, trimmmg and 
(leaning outside. Summary of ru^s Index. 6vet «lirtto« ^ cwts.^ 



AN ELEMENTARY TEXT-BOOK 

ON 

STEAM ENGINES AND BOILERS 

FOR THB 

USE OF STUDENTS IN SCHOOLS AND COLLEGES. 

BY 

J. H. KINEALY, 

Professor of MechcuUcal Engineering^ IVctshington University, 



llluttrat»d with Diagrams and Numerous Cuts, Showing American Types 

and Deuils of Engines and Boilers. 



This book is written solely as an elementary text-book for the use of be- 
ginn-rs and students in engineering, but more'>pecially for the students lo 
the various universitii-s a d colUges in this country. 

Nu a. tempt has l)ein made to i* H t viryihi i^i about any one particular 
snbj« ct. I>ut the author has endravoied to give the studt^nt an id( a of 
clemtn^ary therniO(l\namics, ot the anioi ol the steam in thetyli derof 
the engine, ot" the motio i of tlu* -team valve, of the differences betw^een the 
various types of engiui s aid b'.ilers. of the generation of heat by combus- 
tio 1, and the c«»nvirsi«'n of water info s'l am. 

Care has been take" na t«» t«>uih upon the design and proportion *f the 
various parts ol ft'gines and boilers ior strei gth ; as in the opinion of ihe 
vrittr, that shoidd come alter a general knowledge of the engine and 
boiler lias been obtained. 

In the derivation of some '>f the formalne in 1herm'>dynamics it has been 
n'^ce-^sary t«» u e the cal u us. but the u e *»f all mathematics higher than 
al^«*bia and geometry I as b; en avoided rs mmh as possib e. 

An earnest e id avor his bfen made t» presei t the subject in a clear 
and c«ncise ma.iner, using as few wcjrds as po-sible and avoiding all 

padding. 

Con ents of Chapters. 

Cliapter I — Therniodyna'ni.R ; First Law of Thermodynamics ; Work, 
Power; Unit of Heat; Meclianical Equivalent; Application of Heat to 
bodies ; Second Law of Thermodynamics ; Specific Heat ; Absolute Tem- 
perature ; App'icati'^n of Heat to a Perfe t Gas ; Isothermal Expansion; 
Adiaba ic E\pansi n ; Fusi >n ; Vaporisation ; Application of Heat to 
Water; Superheat d Sieam. Chapter IL — Theoretical Heat En .^ine ; 
Cycle; Thermodynamic Efficiency; Perfect Gas Enj^ine ; Perf-ct Stia.n 
Engine ; Theoretical Pinc^'nm c.f the Real Engine ; Clearance ; Efficiency 



The Slide Valve 

SIMPLY EXPLAINED. 

By W.J. TENNANT, Asso. M. Inst. Mech. E. 

The work has been thoroughly revised and enlarged 
In accordance with the present American Practice. 

By J. H. KINEALY, D. E., M. Am. Soc Mech. E 

The work is based upon notes aaii diagrams which were prepared 
by Mr. Tennant in his lectures to bis classes of wuikinj; engineers 
and students towards the obtainmeiil of clear genera/ notions upon 
the Slide Valve, its design, varietie; adjustments and management, 
Tliey tave been revised and considerably ad'leil <o aad in this form 
the authors believe they will tie of considerable value to all 
engineers and oibers interested in steam engines. 

(XtNTEHTS OF CHAPTERS. 

I. The Simple Slide. 

II. The Eccentrica Crank. Special Model to give QnalltiU:lve 

Results, 

III. Advance of the Eccectric. 

IV. Dead Centre. Order of Cranks. Cushioning and Lead. 

V. EKpaosion— Inside and Outside Lap and Lead; Advance 

affected thereby. Compression. 

VI. Double ported and Pislon Valves. 

Vn. The Effect of Alterations to Valve and Eccentric. 
VIII. Note on Link Motions. 

IK. Note on very early cut-off, and on Reversing Gears in 

general. 

The illustrations aim to cover the differ.^Qt kinds of Slide Valves 

and the circular diagrams will prove a novel feature. 

88 pluses. 41 UlnstratiDQB IZmo. Cloth. $1.00 



THE BEST AND CHEAPEST IN THE MARKET. 



ALGEBRA SELF-TAUGHT. 

BY 
TV. PAGBT HIGGS, M.A..y D.Sc 



KOURTH EDITION. 



CONTENTS. 

Symbols and the signs of operation. The equation and the tm* 
known qnantity. Positive and negative quantities. Multiplication^ 
involution, exponents, negative exponents, roots, and the use of ex- 
ponents a£ logarithms. LogaritLms. Tables o£ logarithms and 
proportional parts. Transportation of systems of logarithms. Com- 
mon uses ot common logarithms. Compound multiplication and the 
binomial theorem. Division, fractions and ratio. Rules for division. 
Rules for frac ^ons. Continued proportion, the series and the sum- 
mation of ■ ».e series. Examples. Geometrical means. Limit o£ 
series. Equations. Appendix. Index. 104 pages, i2mo, cloth, 6oc. 



See also Al^et^rsAc Sigrns, Spons' Dictionary of Engin««ring 
No. 2. 40 cts. 

See also Calculus, Supplement to Spons' Dictionary No. 5. 
75 cts. 

Barlo^w'8 Xatoles of squares, cubes, square roots, cube roots, 
reciprocals of all numbers up to 10,000. A thoroughly reliable work 
of 200 pages, i2mo, cloth, $2.50. 

LrOsraritlltll8* — Tables of logarithms of the natural numbers 
from I to io3,ooo with constants. By Charles Babbage, M.A. 220 
pages, 8vo, cloth, $3.00. 

LrOsraritlmid. — ^A. B. C. Five figure logarithms for general 
use. by C. J. Woodward, B.Sc. 143 pages, complete thumb index. 
l2mo, limp leather, $1.60. 

Books mailed post-paid to any address on receipt of ^ric€ 
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